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ABSTRACT 


The purpose of this study was to determine the 
relative effects of three intensities of training upon 
the cardiorespiratory fitness of children when the groups 
were equated on the initial fitness level, as well as the 


duration and frequency of the training sessions. 


Thirty-six subjects (mean age 12.5 years) were tested 
on a bicycle ergometer prior to and following a six week 
training program. The subjects were ranked according to 
MVO,, relative to body weight and then blocked into three 
fitness levels. The subjects from each fitness level were 
then randomly assigned to one of four treatment groups. 
The first group (Tl) trained at a heart rate of 170-180 
beats/minute; the second group (T2) trained at a heart 
rate of 150-160 beats/minute; the third group (T3) trained 
at a heart rate of 130-140 beats/minute and the fourth 
group (T4) acted as a control. The training was conducted 
on a bicycle ergometer three times a week, twelve minutes 
per session. The heart rate was monitored once a week 
during the twelve minutes to permit an adjustment of the 


work load required to elicit the pre-determined heart rates. 


Following training, significant decreases in heart 


rate occurred for the three training groups over the control 
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group at submaximal work load. There was no significant 
difference, however, between the three training groups. 
Blood lactate concentration decreased in the Tl group at 
submaximal work load. After training, MVO., maximal 
blood lactate concentration and maximal oxygen pulse in- 
creased significantly in only the Tl group. Significant 
increases in maximal work loads were found with training 
for the three training groups over the control group. 
There was no significant difference, however, between the 


three training groups. 
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CHAPTER I 
INTRODUCTION 


Generally, physical fitness denotes a quantitative 
and unspecified evaluation of the individual's physical 
state. 


"Fitness consists in the ability of the 
organism to maintain the various internal 
equilibria as closely as possible to the 
resting state during strenuous exertion 
and to restore promptly after exercise any 
equilibriums which have been disturbed 
(Astrand (9))." 


Specifically, the ability to perform prolonged hard 
physical work is related to the capacity of the cardiovas- 
cular and respiratory systems to take-up, transport, and 
give off oxygen to active tissues. The physical fitness of 
the individual is determined by his natural endowment and 
by the way this has been adapted to physical work, i.e. the 
training condition. In the last decade, the attention of 
many exercise physiologists has been focused on the question 
of possible minimal or optimal cardiorespiratory training 
stimuli, their arrangements, application and possible inter- 


actions. The training factors most frequently mentioned 
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2 
are exercise intensity, duration, frequency and initial 


fitness level. 


Some studies (38, 93, 103, 105, 120) dealing with 
exercise intensity have tended to indicate that the effects 
of training are directly related to the intensity of exer- 
cise. Wenger (120) equated groups in total work performed 
during training and initial fitness level and found a 
Significantly greater improvement of maximum oxygen consump- 
tion in the highest intensity training group. Some other 
exercise frequency and duration studies (16, 63, 88, 101, 
102, 123) have suggested that fitness improvements are noted 
most often in the longest training periods. However, an 
inspection of data reveals that in certain important train- 
ing criteria, such as the maximum oxygen uptake, the exer- 
cise heart rate and the oxygen pulse, the changes are most 
pronounced in the moderate duration and frequency groups 


(63 P02, Cpasy2 


Karvonen's interest (67, 68), directed toward dis- 
covering the minimum heart rate necessary to elicit 
cardiovascular improvement, inspired the current attention 
in Neart “rate “as “a*key* factor in training. “These researchers 
Karvonen (67, 68), Roskam (93), Sharkey and Hollman (103) 
contended that to improve the exercise tolerance of the 


cardiorespiratory system the heart rate during the exercise 
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3 
bout must be increased above resting levels by at least 
60% of the difference between the resting and maximal rates, 
or to about 150 beats per minute. However, these studies 


were carried out using adult subjects. 


STATEMENT OF THE PROBLEM 


This study was designed to determine the relative 
effect of three different intensities of training upon im- 
proving cardiorespiratory functions of children. The specific 


functions under study being: 


1. Maximum oxygen consumption 

2. Maximum heart rate 

3. Maximum exercise pulmonary ventilation 

4. Maximum blood lactate concentration 

5. Heart rate, oxygen consumption, pulmonary ventilation 
and blood lactate concentration at a given submaximal 
work load. 

6. Oxygen pulse, ventilatory equivalent and respira- 
tory quotient at submaximal and maximal work loads. 


JUSTIFICATION OF THE STUDY 


Most studies concerning training effects on physical 
condition have been carried out on adults (4, 24, 33, 42, 
Say Das .Oon 17S) 667190, 97, 205, 122) 2" The <amprovement: of 
the physical fitness of youths should be one of the principal 


objectives in physical education. A great deal of work has 
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4 
been done to investigate the value of sports participation 
or such intensive training systems for regular physical 
education programs with children, but these lacked a control 
Over the intensity of work done during the experiment and 
also over the initial fitness level (30, 32, 41, 64, 92). 
The present study was designed to determine how much effort 
was required to elicit a desirable training response in 
children. Information gained from a study of the relation- 
ship of training intensity to the improvement of the 
physical fitness of youths has practical consequences for 
those engaged in physical education, athletics, physical 


rehabilitation and sport medicine. 


In trying to discover the effects of training 
intensity upon cardiorespiratory fitness, it was necessary to 
equate groups on the initial fitness level, as well as 
frequency and duration of the training sessions. The training 
intensity was controlled by the heart rate as follows: 
group (Tl) trained at 170-180 beats per minute, group (T2) 
at 150-160 beats per minute and group (T3) at 130-140 beats 
per minute; group (T4) acted as a control. These training 
heart rates corresponded to approximately 75-85%, 60-70% 
and 45-55% of the difference between the resting and 
Maximal rates (see definition of training heart rate in 


percentage). 
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If the low intensity (i.e. 130-140 beats/min.), or 
the medium intensity (i.e. 150-160 beats/min.) groups were 
to show as much improvement as the high intensity (i.e. 170- 
180 beats/min.) group, this would indicate that there is no 
need to incorporate severe training exercises in school 
programs of physical education. A less severe training 
(ranging from 130 to 160 beats/min) might be as beneficial 
physiologically and probably more enjoyable for this age 
group of children. However if the high or medium intensity 
groups improved more than the low intensity group, some light 
could be shed on the question of the training threshold to 
improve the physical working capacity of this age group of 


children. 
DELIMITATIONS OF THE STUDY 


Thirty-six (36) students of the College St-Jean, 


aged 11-13 years, participated voluntarily in this study. 
LIMITATIONS OF THE STUDY 


The subjects were asked to engage in the same sport 
activities as they had before the study; it was impossible to 


control the activities outside of the training session. 
DEFINITIONS AND ABBREVIATIONS OF TERMS 


Aerobic metakolism: Sources of energy from atmospheric 
oxygen provided by the respiratory and circulatory transport 


systems. 


ery - ae Fa f 
ie e Oe aay a ee 
my ts miba\ et dar-ors «Oek) iedaonesiv wor ith 
Siow a die 3 qtitesned: Oaf-O02L 1.9.4) “cud 


“OVD 905) va.tenosink ‘ne iat ert as tnamovorvamd om a5 #0) fe 


of ef axed tandd sdsotbat biuow airs atonal 
footiae ai egelorsxs painisxtd o1evee oranogzooat of fs 
oninisxt ersve2 eeof A .notstsSube leotayia 20 emam 
{sistiered es ed Sdpini (aqim\e256d oaL oF OF mont pmbpil 
opp eidd szot sidsvotnas sioMm yidsdoxg bas yiteoteotonel 
ytbenotni murban to dptd. odd 21, tevSwoHu  aerbL kp -: ane 
tdpil smoe . quote vitenotnt wol sdy asd onom bevoxggit €¢ 


ot Hiddaexds vatintsxt DAK 20 nottesup sit Ae betie ack i 
: Dy 
pj. 


to quotp sp6 eins to ytriosqso pridzoy Leobeyita edt bw 


yqure gut 7 anon Aten 


£ 


,a1s6et-72 spseffod sdt to etnobuds (8f) eal cies tt 


youte aids at yliuesagfoy betsqioisasg vexeoy CIEE 


yauTe 8H qo dccam 
5 y 5) ’ & = 


i 
ve 

ng Ge 

ie Ane 5 S 

tJioge omsa oft at opBpa9 of betes SisW etostdys sat re 

od oidiesognt easw st yied 2 ouig eivied Deal Yeas, es eetsh 


, foleaes painiays aft to. sbieivo pia hy ion ont . me 


a i , oer is aaa 30 BMOTTATVETaaA avis and % tvaM 


y is . hae ss mu 1c. 
panel eee eae to. ssdmuoR. 


hanes: ve aS? er “yao He any 


aes te on 
= sil boston 
rt we 


6 
Aerobic power: Aerobic power and maximal oxygen uptake are 


considered to be synonomous. 


Aerobic work: A given amount of work for which the oxygen 
supply is sufficient and hence anaerobic metabolism is not 


required to augment the aerobic energy processes (120). 


Anaerobic metabolism: Sources of energy provided by: 1) the 
transformation of pyruvic acid to lactic acid in the glycogen 
degradation cycle; 2) the oxygen stored in oxyhemoglobin and 
oxymyoglobin forms; 3) the ATP and phosphocreatin. The end 


product -is,.lactic.,acid:. 


Anaerobic work: The accomplishment of a given amount of work 
for which the oxygen supply is not sufficient and hence 


anaerobic sources of energy must be utilized. 
Anova: Analysis of variance. 


Blood lactate: The lactic acid which is in the blood in the 
combined state with the blood buffers. Lactic acid is the end 
product of anaerobic metabolism of carbohydrate and is used 

aS a measure of the extent to which the anaerobic energy 
supply mechanism has been engaged (120). Expressed in milli- 


grams per hundred millilitres of blood (mg%). 


Kilopond: One kp. is the force acting on a mass of one 


kilogram at the normal acceleration of gravity. 


Kilopond Metre: Physical work unit done on a bicycle ergo- 


meter during a specific period of time. It is the product 
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I 
of the tension in kiloponds applied against the bicycle 
wheel and the distance covered by the wheel during one 
complete revolution of pedals multiplied by the number of 
revolutions per minute. Expressed in metres kilopond per 


Minute (kpm/min.). 


Maximal oxygen consumption (MVO,) : The rate of oxygen 
consumption, reached at a point below exhaustion, when the 
cardio-respiratory mechanism can make no further adjustments 


to increasing work loads. 


Oxygen consumption (VO.) : Oxygen intake, oxygen uptake 
are synonomous; is the volume of oxygen (at Once 760 mmHg, 
dry = STPD*) extracted from the inspired air, usually 
expressed as litres per minute or as a function of body 


weight (ml/kg/min.) *STPD = standard temperature and 


pressure, dry. 


Oxygen pulse (VO, /HR) : The amount of oxygen consumed per 


heart beat; expressed in ml./beat. 


Physical work capacity (PWC): The ability of the indivi- 
dual to perform prolonged physical work, that is, the 
ability of the cardiopulmonary system to take up, transport 
and give off oxygen to the muscle tissues for the perfor- 


mance of physical work. 


Pulmonary ventilation (VE): The volume of air expired per 


minute and expressed in litres per minute at standard tempera- 
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ture and pressure, dry (STPD). 


Respiratory quotient (R.Q.)': The ratio of carbon dioxide 


volume produced to oxygen volume utilized during the same 


period of time (CO,/ 0.) . 


Submaximal and maximal work loads: This concept is indi- 
vidually specific and relative to maximal work capacity for 
a specified period of time. In this study a submaximal 
work load of 450 kpm corresponded to a heart rate of 


approximately 150 - 160 beats per minute. 


Training: A regular regime of exercise that is carried out 
over a period of time and that encompasses the principle of 


overload. 


Training heart rate in percentage: Is the % of the difference 
between the resting and maximal rates added to the resting 


heart rate value. 


e.g. Maximum heart rate 195 beats/min. 
resting heart rate = 75 beats/min. 
50% of the difference = 60 beats/min. 


Training heart rate = 60 + 75 = 135 beats/min. 


Training threshold or training stimulus: The physical stress 
required to elicit an improvement of an individual's 


cardiorespiratory system during physical training. 


Ventilatory equivalent (VE/VO,): The ventilatory volume 


per litre of oxygen consumed per minute (VE/VO.) aceSrep. 


fon a, oe | Se | 
os Sty - ' 

y hy ary iesacnae en 

stihen it ee eae ‘T, min eects” 

anhe Sf ests “bias dou otakey ver cst 

| Ue acl aL 


7 a 
“thak of dgtencd ant =kbsok pained wi Lat 3adt ne 
| a 
10% valohono Sxew Leniten oF svVireiak aie er 
Ns 7 7 aaa > S i 7 ss < 
iemisescidva usa atris atin .tp, ao fted oe nik 


= = eh a .% 
—- : eer * Keres 
io ooct frts!!l 4 ad’ Leong zoTiIce ine nde Fo O6E = 


: nl 
ee , zheed Bol off ies 


; el Ttso if a a) Area ier 

’ sa) Jen oF ¢ Pi il NihAcd bo vere 
aoseMih) edt io: at eT). sepeenes ee sh mes v7hs . 

ofrates Scat ©S Baons esoar 144 ttm Pi ie Ye ibs bos bes att 


ati kio ao a 
mimeo bet 92) = Bey 72a, ped BOM | 
, au yesb ad, 2h | gae: Gen Dre Feeiee iN 

~ALMVAT ES, CS >, so tasianpaty ye ae A eha 


in\ernse 266 = EY 4/08 @ Serbs deme opinkeas i 


@hots. isstaylg sit sig Bieta, ye as cs. caller ip D 


CNA Sigh ie dos ataeedet 18 5% a ar 
‘oral cana stains woanye tx a tol 


9 
Work load: Work performed against a fixed resistance and 


measured in kilopond meters per minute (kpm/min.). 
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CHAPTER II 
REVIEW OF LITERATURE 


GENERAL EFFECTS OF TRAINING UPON THE 
CARDIORESPIRATORY SYSTEM 


In exhausting activity, such as in competitive sports, 
the intensity of exercise is circumscribed by the limits of 
the physiological functions involved. At any given time 
the capacity for supplying oxygen to the tissues is strictly 
limited. The primary objective of the physical cath tine is 
to increase the physical performance through the improvement 
of the efficiency of the cardiorespiratory system and also 
the metabolic pathways. Many training regimes have been 
developed to improve this particular capacity in the last 
few years. These studies included wide variations of training 
designs with walking, jogging, and Bie ee being analyzed 
the most frequently. It has become increasingly important 
though, to qualify and quantify the training programs so 
that an optimal improvement in physical fitness can be 


attained. 


Knehr (69) studied the effects of a six month 
training program with fourteen sedentary subjects (middle 


aged). The maximum working capacity was measured on the 
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treadmill before, during and after this period of training. 


After two and six months of training, the MVO. increased 
Deen from, 54,455 to. 3.64. litres/min<)) ands7% (from: 3.45 

to 3.69 litres/min.) respectively. During maximal work, 
the blood lactate concentration increased 18.4% (from 114 
to 135 mg%) and the maximal heart rate was unchanged while 
the training increased the course of recovery heart rate. 
The maximal work load improved 60% (from 3786 kgm/min. to 
6040 kgm/min.) due to training. The training regime was 
accompanied by a slight increase in weight, a decrease in 
resting pulse rate of five beats/min. (from 67 to 62 beats/ 


min.) a slight decline in the respiratory rate and volume 


(from 6.23 to 5.59 litres/min.) at the resting level. 


Cureton et al.o(31) obsenved’ the. changes. in, the 
cardiorespiratory system during eight weeks of physical 
training, followed by eight weeks of rest, and finally another 
eight weeks of physical training considerably harder than 
the first one. Six sedentary subjects (aged 28 to 47) 
participated in a training program for one hour a day, six 
days per week, which consisted of calisthenics, cross 
country running, and handball or squash games. The physical 
work capacity tests were conducted on the treadmill at the 
beginning and the end of each of the eight week periods. 
Over the first eight week training period, the MVO., in- 


ereased 35% (from 25 to 38.2 miv/kKg-/min.). The MVO.. levels 
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returned to approximately pre-training values after the eight 
week period of rest. Following the third eight week 


period of more intensive training, the MVO. increased 93% 
(from 25 to 48.1 ml./kg./min.). Significant weight loss 
occurred over the program, which could have accounted for a 
portion of these large increases, but exact figures were 
not given so the precise contribution of the weight loss to 


the improvement of MVO. cannot be determined. 


2 


Naughton and Balke (86) trained six sedentary men 
(aged 26 to 33 years) five days a week, thirty AES a day, 
for sixteen weeks. Five subjects trained by running and one 
with a combination of daily tennis and calisthenics. Maximum 
oxygen consumption was measured on a treadmill before and 
after the training program. The MVO., increased over the 
training period by 43% (from 31.6 to 45.3ml./kg./min.) 
even though body weight decreased by only 2.6% (from 79.5 
to 77.4kg.). The work capacity on the treadmill at a constant 
speed of 3.4 m.p.h. increased from 12 to 20% grade over the 
training period. The heart rate at maximal load did not 
change with training (180 beats/min.) but decreased at a 
given submaximal work load (from 160 to 140 beats/min. at 
10% grade) after the sixteen weeks. This large improvement in 
MVO. could be explained by a relatively low initial work 


2 
capacity level. 


Naughton and Nagle (87) trained eighteen sedentary 
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men (mean age 41 years), thirty minutes a day, three days a 
week over a period of seven months. The training exercises 
included warming up, calisthenics and interval running with 
increasing intensity throughout’ the program. A pre and post 
training tests on treadmill revealed an increase of 15.3% 
(from 31.6 to 36.1ml./kg./min.) in maximum oxygen consumption. 
The maximal heart rate was unchanged, and maximum ventilation 
increased from 69 to 76 litres per minute after the training 


period. 


In Cumming's study (28), the maximum oxygen uptake 
of six boys and six girls, 13 to 16 years of age, showed no 
change with twice daily measurements over a six day period 
during a track camp where intensive physical training was 
carried out. The camp program provided a one week period 
of education and competition with emphasis on circuit 
running and interval training, the boys and girls were 
required to run a total distance of up to 15 miles each day. 
Over the 6 days, submaximum pulse rate declined 6 beats/min. 
for a constant load, and maximum pulse rate declined 7 beats/ 
min. The maximum oxygen uptake increased from 3.86 to 4.02 
litres/min., but this was not statistically significant. 
There was a tendency for submaximum exercise pulse rates to 
decline during training before any increase in aerobic 


capacity occurred. 


Swenson et al. (113) trained ten sedentary Caucasian 
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males (aged between 36 and 56 years) five days a week, 
approximately one hour per day for eight weeks. Training 
consisted of strength and flexibility developing calisthenics 
weight training and running. Running was the major aspect 
of the program; the distance and the intensity of running 
were progressively increased during the training period. 

The physical work capacity was evaluated on the treadmill 
prior to and following the eight week training. At a given 
submaximal work load (3m.p.h., 5% grade) the heart rate 
decreased from 141 to 115 beats/min., after the training. 
Also, at a given heart rate of 160 beats/min., the respiratory 
rate increased from 26 to 29 breaths/min. and the tidal 

volume increased from 2.43 to 2.72 litres over the training 


regime. No values were reported at maximal work load. 


Williams (122) investigated the effect of training 
on aerobic and anaerobic metabolism in thirteen Bantu male 
Subjects. The training regime, consisting of prolonged 
daily exercise (4 hours) at aerobic levels of work followed by 
exhaustive runs at maximal effort, lasted from four to 
sixteen weeks. The results demonstrated very clearly that 
a regime of training can influence both the maximum oxygen 
intake and the level of oxygen intake at which "*excess 
lactate" appears in the blood. The mean maximum oxygen 
intake increased 7% (from 2.8 to 3.1 litres/min.) over the 


sixteen week training period. However, the mean level of 
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oxygen intake, expressed as a percentage of the maximum 
value, at which "*excess lactate" appeared, increased from 
a6. tO.62 per,cent. Williams eiwals (121-122) .coneluded 
that in untrained individuals the onset of anaerobic 
metabolism occurred at 40-50 per cent of the maximum 
oxygen intake, in trained individuals at 55-60 per cent 
and in the exceptionally well trained men at about > Caner: 
cent. (*Excess lactate was defined by Williams (122) 
as the level at which the blood lactate concentration 


starts to accumulate over the resting concentration level.) 


Hanson etyal. (53) trained twenty five men (aged 40 
to 49 years) for one to one and a half hours per day, 
three days a week over a period of seven months. The basic 
training program consisted of muscle stretching and flexi- 
bility exercises, calisthenics, running, volley-ball, 
basketball, badminton and paddleball games. The maximum 
-oxygen consumption of the subjects were evaluated on the 
treadmill. Following the training period, the MVO,, 
increased 18% (from 2.60 to 3.07 litres/min.) the maximal 
working capacity improved 22% (from 868 to 1063kgm/min.). and 
maximal heart rate decreased from 173 to 169 beats/min. The 


increase in MVO. was partly attributed to a 14% increase 


in stroke volume. Work load capacities at heart rates of 


130, 150, and 170 beats/min. were also augmented (110, 215 
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and 245kgm/min. respectively). 


In Ribisl's study (90), fifteen sedentary subjects, 
(average age 40.2 years) participated in a five month 
endurance running program. The training program involved 
calisthenics, interval and cross country running, three 
days a week and thirty five minutes per session. An ap- 
proximation of the energy requirement for the training exer- 
cises was 300 kcal/hr. in the first month and was increased 
progressively to reach about 750 kcal/hr. in the final 
month. Maximum oxygen consumption was evaluated on a 
treadmill before and after the training period and showed 
a 14% improvement (from 40.1 to 45.5 ml./kg./min.) over 
the 5 months. The maximal ventilatory volume increased 
from 129 to 143 litres/min., and the maximum oxygen pulse 
improved from 19.0 to 21.2 ml/beat while the maximum heart 


rate was unchanged following training. 


Saltin et al. (97) carried out extensive studies on 
the effect of a twenty day period of bed rest followed by 
fifty five days of physical training with five males, aged 
19 to 21 years. Three of the five subjects had previously 
been sedentary, and two of them had been physically active. 
The values after bed rest and after physical training were 
both compared with the initial control values. The train- 


ing program consisted of interval and continuous running, 
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17 
one hour per day, six days a week. The maximum oxygen uptake 
increased from 2.52 to 3.41 litres/min. (33% increase, attri- 
buted to the low initial fitness level of the sedentary 
subjects) and from 4.48 to 4.65 litres/min. (4%) in the 
previously active subjects over the training period. The 
improvement in MVO, of the sedentary subjects could be 
attributed to an increase in stroke volume (17%) and an 
increase in A-VO, difference (5.6%). Maximal heart rate 
remained constant, and mean ventilatory volume during 
maximal work increased from 129 to 156 litres/min. after 
training. The increase was attributed to an increase in 
respiratory rate (from 43 to 53 breaths/min.) as the tidal 
volume was unchanged. The ventilatory equivalent (VE/VO, ) 
did not change with training. At a given submaximal work 
load requiring 1.5 litres of oxygen per min., the heart 


rate decreased from 129 to 115 beats/min. 


Cunningham et al. (29) studied aerobic and anaerobic 
metabolism during a short exhaustive run in eight males 
(aged 23 to 41 years) before and after a six week training 
program. The short exhaustive run was performed on a 
treadmill at a speed of 8 m.p.h. and a grade of 20%; run 
times ranged from 36 to 66 seconds. The training program 
consisted of interval sprints of 220 yards and distance 
runs of 2 miles, 5 days per week. The training resulted in 


a 23% increase in run time for the short exhaustive run. 
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18 
The net oxygen uptake was 16% higher after training (from 3.1 
to 3.7 litres/min.). Compared to the pretraining test re- 
sults, there was a 17% increase in blood lactate concentration 
(from 96 to 118mg%), a 9% increase in oxygen debt (from 6.1 to 
6.9 litres/min.) and a 19% increase in ventilation (from 135 


to 148 litres/min.) during maximal work after the training. 


Vrijens (118) compared eleven volunteer adoles- 
cents (mean age 16.7 years) with nine students (mean age 
17.1 years) in a scheduled physical education class. The 
two groups were considered to be equivalent in anthropo- 
metrical and functional tests. The experimental group 
participated in a circuit training (10 exercises) regimen 
in addition to the regular physical education program for 
a period of six weeks, with three training sessions per 
week. The circuit was performed according to the interval 
principle. The intensity of each exercise (bench-stepping, 
pull-up, sit up, rope climb, etc.) was fixed at 90% of the 
individual's performance capacity. After the six weeks of 
training, the maximum oxygen consumption increased 14% 
(from 3.1 to 3.6 litres/min.), the maximum work loads in- 
creased from 283 to 300 watts, the maximum ventilatory 
volume improved from 98.6 to 111.6 litres/min. (13%) and 
finally the improvement of the oxygen pulse was 1.9ml./beat 
(fromii6.2 to. 1851 ml./peat)..; gthe! control group. showed 
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Ekblom (41) trained six boys, all li years old, 
over a period of six months, and compared them to a control 
group. The training program consisted of interval and 
distance runnings, weight training and ball games, twice a 
week; each session lasted 45 to 60 minutes. Maximum oxy- 
gen consumption was determined before and after the training 
period on a bicycle ergometer. The MVO,, of the training 
group improved from 2.15 to 2.48 litres/min. (15%) or from 
53.9 to 59.4 ml/kg./min., but was unchanged in the control 
group. The maximum ventilatory volume increased from 68 to 
80.4 litres/min. (32%) and the maximum heart rate decreased 
from 204 to 199 beats/min. after the training program. How- 
ever, there was no change in blood lactate concentration at 
maximal work after training. At a given submaximal work 
rate, the heart rate decreased from 148 to 139 beats/min. 
Five boys from the training group continued training for a 
further twenty-six months, and it was then found that MVO,, 
inereased an totals by 55e (from 2.15 to v3.41 litres/min~) 


which was more than expected from the age-dependent increase 


in terms of body weight. 


In Ekblom's study (42), submaximal and maximal work 
was performed by eight male students (aged from 19 to 27 
years), on a bicycle ergometer before and after sixteen weeks 
of physical training. The physical conditioning program 


consisted of either sprints, interval or long-distance 
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running, three times a week. During the distance running 
the heart rates varied from 130 and 170 beats/min. and during 
the sprint, this fluctuation was from 150 and 170 beats/min. 
After the training period, the average maximum oxygen uptake 
increased 16.2%, or from 3.15 to 3.68 litres per minute; the 
maximum ventilation increased from 115 to 132 litres/min. 
In addition, the blood lactate concentration increased from 
108 to 135mg% during maximal work, but the maximal heart rate 
did not change as a result of the training period. The im- 
provement of MVO,, was attributed to increased maximum 
Cardiac output and increased venous arterio oxygen dif- 
ference. The total work output that could be performed at 
the exhaustive work level increased 25% (from 1406 to 1759 
kpm). At a given submaximal oxygen uptake, heart rate de- 
creased from 170 to 144 beats per minute, and blood lactate 


concentration also decreased from 76.5 to 51.3mg% after 


Erarning. 


Pollock et al. (88) divided nineteen men, between 
28-39 years of age, into two training groups and one control 
group. The first group exercised two days a week, and the 
second group four days a week for twenty weeks. The training 
program consisted of continuous walking, jogging or running; 
each session lasted 30 minutes. The maximum working capa- 
city was determined on the treadmill before and after the 


training period. The two training groups respectively im- 
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proved their MVO, from 37.7 to 44.0 ml/kg/min. (17%), and from 


2 
36.7 to 49.3 ml/kg/min. (35%); maximum pulmonary ventilation 
from 127.2 to 140.8 litres/min. (10%) and from 128.9 to 142.6 
litres/min. (11%) and their maximum oxygen pulse from 16.6 

to 19.8 ml/beat and from 16.4 to 21.6 ml/beat. The maximum 
heart rate decreased from 186 to 181 beats/min. for group l 
and from 187 to 176 beats/min. for group 2. No values were 


reported at a given submaximal work load before and after 


the training period. 


my Hartley s et al. study (54), ritteen previously 
sedentary men (38 to 55 years old) participated ina 
training program which consisted of running for one to one 
and a half hours a week for eight to ten weeks. A pre and 
post training maximal work capacity test was performed on 
a bicycle ergometer. Maximum oxygen uptake improved from 
2.68 to 3.06 litres/min., i.e. 14%. This increase was due 
to a 13% increase in cardiac output since arteriovenous 
oxygen difference did not change. The maximum heart rate 
decreased by 6 (from 182 to 176 beats/min.). Thus, the 
improvement in cardiac output at maximal loads was due to 
increased stroke volume (16%). At a given submaximal exer- 
cise, the heart rate was 8-17 beats/min. lower after the 
training period. in addition, blood lactate concentration 
was lower at submaximal and higher at maximal work loads 


after training. 
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Saltin et al. (99) observed forty-two subjects, aged 
from 34 to 50 years, before and after an eight to ten week 
conditioning program. The training program involved walking, 
jogging, strength exercises and long distance running, ap- 
proximately 30 minutes per day, two to three days per week. 
Twice a week the activity was intermittent while the third 
training session was continuous. In the intermittent exercise, 
heart rate approached maximal value, while during the con- 
tinous running, heart rate varied between 60 and 65% of the 
maximal heart rate. The MVO, was evaluated on a bicycle 
ergometer and improved 18% (from 2.89 to 3.44 litres/min.) 
over the training period. Maximum pulmonary ventilation 
increased 15% (from 112 to 128 litres/min.); this increase 
was brought about by an increase in the respiratory rate 
from 42 to 46 breaths/min. as the tidal volume remained the 
same. The maximum heart rate decreased by 8 beats/min. 
due to the training, and blood lactate concentration at 
maximal work was increased from 115.2 to 126mg% (9%). At 
a given submaximal work load requiring 2.1 litres of VO, 
the heart rate decreased from 155 to 138 beats/min. and blood 
lactate concentration decreased from 56.7 to 42.3 mg% over 
the training period. The ratio between pumonary ventilation 
and oxygen uptake (VE/VO, ) was unchanged both at submaximal 


and at maximal exercises. 


Wilmore (123) divided fifty five men (aged 17-59) 
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25 
into two groups for a ten week program of jogging; one 
group trained 12 minutes/day, three days/week, and the 
other group trained 24 minutes/day, three days/week. 
The jogging was performed either on an outdoor (440 yards) 
or an indoor (220 yards) track; daily records were kept by 
each subject indicating both the duration and the distance 
of the run. A pre and post training test was administered 
on a bicycle ergometer. With training, both groups demon- 
strated significant increases in: MVO,, (from 41.56 to 44.03 
ml/kg/min. for the 12min/day group, and from 42.96 to 47.12 
ml/kg/min. for the 24min/day group); oxygen pulse (from 
17.80 to 19.73 and from 18.29 to 21.37 ml/beat); and 
Significant decreases os resting heart rate (from 75 to 66, 
and 70 to 62 beats/min.) and maximal heart rate (from 186 
to 179, and 182 to 177 beats/min.) for the 12 min/day group 
and the 24 min./day group respectively. A decrease in 
weight and increase in total work, and maximum ventilatory 
volume (from 146.1 to 152.3 litres/min.) were found only 
in the 24 minute group while the 24 minute group generally 
demonstrated changes in the desired direction of greater 
Magnitude, the differences between these two groups relative 
to their respective changes were not statistically signifi- 
cant with the exception of the residual volume. In addition, 
age did not appear to influence the degree of physiological 


changes resulting from this training program. 
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Seigel et al. (101) evaluated the effects of a 
fifteen week training program in nine blind men (32 to 
59 years old). All subjects were sedentary with a stable 
activity pattern. Training sessions were held three 
times per week and consisted of four 3 minute exercise 
periods on a bicycle ergometer, each followed by a rest 
period of equal duration. The training exercise elicited 
heart rates of approximately 27 beats/min. below indivi- 
dual maximal heart rate. Maximum oxygen uptake increased 
19% (from 24.0 to 28.5 ml/kg/min.) over the 15 weeks of 
training. The initial seven weeks of training resulted in 
an increase in MVO,, by 10% above control levels. Maximum 
heart rate did not change with training (167 before and 169 
beats/min. after the fifteen weeks). The blood lactate 
levels during maximal work were unchanged over this training 
period (109 (control) and 113 (training) mg%). The maximal 
work load increased 39% (from 626 to 790 kpm/min.) over the 


fifteen week training period. 


Polloektet lal. (89) trained = sixteen sedentary men 
between 40 and 56 years of age for forty minutes per day, 
four times a week over a period of twenty weeks. The 
training program involved walking, and the intensity pro- 
gressed from 2.5 miles during the first week to 3.25 miles 
during weeks 16 to 20. The subjects were divided into 


ability groups and were encouraged to walk as far as possible 
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25 
in the prescribed time period. The maximum oxygen consump- 
tion was measured prior to and following the training period 
and showed an increase of 28% (from 2.30 to 2.94 litres/min.); 
also, the pulmonary ventilation increased 15% (from 86.9 to 
102.6 litres/min. STPD), and oxygen pulse improved 213% 
(from 13.8 to 17.4 ml/beats) during maximal work. Maximum 
heart rate and resting heart rate did not change with 
training. Body composition showed a reduction in total 
body weight (1.3 kg.) and per cent fat (1.1%). However, 
the training period decreased mile walk time from 774 to 


664 sec. (173%). 


Webster (119) evaluated the changes in cardiores- 
piratory endurance after a six week jogging program. Eighty 
high school students, aged 14-17, were divided into four 
Groups, ,group .1.. jogged. 3/8 of a mile, group 11, 3/4 of a mile, 
group 111, 1 mile, and group 1V acted as a control. Jogging 
was carried out daily and the intensity increased weekly. 
Changes in aerobic power were determined by employing the 
twelve-minute run walk and the Astrand-Ryhming nomogram test. 
Results indicated that all three experimental groups 
exhibited a significant increase in predicted maximal oxygen 
consumption values. The improvement was 8% (from 41.35 to 
44.90 ml/kg/min.), 12% (from 39.25 to 45.30 ml/kg/min.) and 
123 from -40930Y E6886 245 mi KkG/min ly tor “the ‘group! 1) le 'and 
117°’ réspectively? No°signifieant ‘dviterénce in MVO,, , how- 


ever, was found between the three training groups following 
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the jogging program. 


Daniels eG.al. (32) studied fourteen boys, 10 to 15 
years of age, during twenty-two months of distance running 
training. Submaximum and maximum oxygen consumption were 
determined on the bicycle ergometer. Over the twenty-two 
month period, there was an increase of 11.2 cm. in height 
and 9.2 kg. in weight. The 22% improvement in maximum oxygen 
consumption accompanied by an increase of 23% in weight re- 
Sulted in essentially no change in maximum oxygen consumption 
relative toc body weight. The maximum ventilatory volume 
increased from 85 to 103 litres per minute, probably caused 
by the 23% increase of subject's weight. The decrease in 
oxygen consumption from 52.2 to 45.5 ml/kg/min. at a given 
submaximal work load was attributed to an increase in 
mechanical efficiency. From this study it is practically 
impossible to evaluate any training effects because the 
author failed to use a control group and therefore the 
results confused growth and training effects. The intensity 


of training also. was not controlled. 


It has been pointed out that physical activity ranging 
from repeated work period of a few minutes duration up to 
hours of moderate work may involve, in major part, the oxygen 
transporting system and thereby induce a training effect. 

The efficiency of the aerobic metabolism is demonstrated by 


an increase in maximum oxygen consumption ranging from 5% to 
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35%, which is related to the intensity, frequency and dura- 
tion of the training and also to the age of the subjects 
and their initial fitness level. The improvement of the 
anaerobic metabolism is noted by a greater tolerance to 
lactic acid in the blood. Most of these studies have been 
carried out with sedentary or active adult subjects; it 
might be appropriate to expect an improvement in the same 


way with children. 
TRAINING THRESHOLD 


The selection of an optimum training regime has 
obvious practical applications, both in the preparation of 
athletes for specific events and in the promotion of an 
increased level of fitness within the community. Current 
literature relating to the respective importance of 
intensity, frequency and duration of exercise as training 
Stimuli suggests that the intensity is the major training 
stimulus. Some authors stressed the existence of a threshold 
below which no training effect occurred, others have found 


quite mild exercise to be effective. 


Karvonen (67, 68) contended that to improve the 
exercise tolerance of the cardiovascular system the heart 
rate during training has to be more than 60 percent of the 
available range from rest to the maximum attainable by 


running. Karvonen (67) trained six subjects, aged from 20 
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28 
to 23 years, by running at different speeds on a horizontal 
treadmill 30 minutes daily, four to five times a week over 
a period of four weeks. The author noticed that the heart 
rate during training has to be above approximately 140 
beats per minute in order to produce a decrease in the 


working heart rate. No other values were taken. 


Hollmann and Venrath (57) obtained similar results 
with middle-age subjects; if the heart rate during a train- 
ing program, consisting of a 30 minute ergometer ride daily 
for five weeks, was lower than 130 beats/min., there was no 
Significant increase in maximum oxygen intake. However, if 
the heart rate during training was above 130 beats/min., 
there was an increase of aerobic capacity in the same period 
of time. Hollmann (57), also, studied six previously seden- 
tary subjects who trained four times a week, 20 to 30 min. 
each time during a period of ten weeks. During the first 
week the training heart rate was about 125 beats/min. 

After five weeks of training the maximum oxygen uptake 
increased from 2.90 to 3.07 litres, a 6% increase; but not 
Significantly different. The resting heart rate dropped 
from 73 to 63 beats/min. During the subsequent five weeks, 
the training intensity was increased to elicit a heart rate 
from 150 to 180 beats/min. The maximum oxygen uptake in- 
Gréaséd ‘by 21% “(from’2.90 tos 51 slitres/min..)en Therresting 


heart rate decreased to 59 beats/min. 


| iniatincrt 8 ft: ‘ee sel: er 
%evo deew 6 eomi viz oF, woh yi ts ae) 

i 
dase Sdi ted3 beotton ronsus Sie aides sajen! to 
ODE ylesemixoxaqe stoak ‘ed ot est painted pat. 
ett ni eesetosb 6 sovborq of sabe at odcieckm wa 


.neies etew soulev xefto of -stsx dtese 


etivueex aslimfia benistdo (Vc) disansy bas aasmifow 
“mists 6 pa tiub SI6x ised ois ti ,atosftdre sps-slbbim i 
yiish obix yestomoprs ssunim OF 6 to oniteberton! ym rt i 
on esw sisdt ,.nim\ajsed Off asds rewol asw , aalosw 
ti , TovewoH eae tint nepyxo munmixem aL SeRetoNs JasoeT 
.abit\etsed O65 svods esw es pitts sie 
apiar’. emse Sit ain ytiosqs> aidexss Zo odsexoat mB : 
smedeats yfeuvotvetg xie betbuctsa- ,osis , (Ve) anéatted r mi 
«fim Of og as 99" Ss 2emist . beaisss os asontdae~ 
_ Sett? oft paiicd -aasew m2 26 poized 6 pataud 7 
saim\etssd ect Speen eSW ase Sader ra ont 3 


sxistqu mopyxo mumtixsm odd, Airs nc 40): aile y 


toa tod ‘SB88I0H1 0 5 (aoxtebd, € ot OPA: ant 2 , 
begqorb sist Jxsed paktesx oar |. Sieve ib viz | | 

yedsew ovit tnevpsedue odd patra ; cael oe we 

etst Jised 5 siakis oF baesorsint an Leug93 pr List: 

apn sxssqu HBPUREY MEAD sath eee ot 0 

| paidzo out (ontm\sora it ie.€ = OF oes sons) 91S 


29 

Durnin et al. (38) attempted to measure whether 
there was an improvement in physical fitness through varying 
degrees of exercise for a training period of only ten days 
duration. Forty-four untrained men (aged 18-22) were 
divided into four groups; one control group and three groups 
walked 10km., 20km and 30km daily respectively; "fitness" 
was assessed by various physiological measurements during a 
standardized physical test on the treadmill. The test was 
done before, during and after the period of training. The 
group of men walking 20km daily showed the most marked 
improvement in "fitness" with a significant lowering of 
pusrmonary ventilation (from, 61.0 to 55.3 litres/min. BIPS), 
oxygen consumption (from 2.39 to 2.06 litres/min.) and heart 
rate (from 172 to 156 beats/min.) at a given submaximal 
workload. No significant differences were found in the other 
two groups after training. The author mentioned that the 
last group (30km) had much more ambiguous results and it is 
possible that the exercise was too severe for their initial 
level of fitness. During these walks eliciting a heart 
rate of about 120-130 beats/min., it seems, within certain 
limits, that the duration of work should be an important 
factor in improving work capacity. They concluded that 
walks eliciting heart rates of 120-130 beats/min. resulted in 
a significant decrease in heart rate for a given submaximal 


work. 
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Roskamm (93) compared the effects of different 
training intensities with eighty soldiers, aged from 18 to 25 
years. They were divided into four groups: three of the 
four groups trained 30 minutes daily, five days per week for 
four weeks. The total amount of work done on the bicycle 
ergometer was the same in all these groups. One group trained 
continuously with a work load which brought the heart rate 
to 70% of the difference between resting and maximal rates. 
A second group trained at alternate work loads; for 1 
Minute, the load was 50% higher than the first group, 
followed by a 1 minute period during which the load was 50% 
lower. The third group performed a similar training with 
various work loads, each period was extended to 2.5 minutes. 
It was found that all training groups improved their maximal 
working capacity compared to the control group. Almost all 
the trained soldiers had an increase of more than 10%. The 
decrease in heart rate at a standard load (100 watts) was 
more pronounced for the subjects training continuously at 70%. 
The author concluded that training at a heart rate of 70% 
of the difference between resting and maximal rates was 
effective to improve physical work capacity and submaximal 


heart rate. 


Sharkey and Holleman (103) divided sixteen college 
men (aged 18-19) into three training groups and one control 


group in a study of selected cardiorespiratory adaptations 
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Sak 
to six weeks of training exercises eliciting either 120, 
150 or 180 heart rates. Training consisted of walking on 
the motor driven treadmill for 10 minutes a day, three days 
per week. The Astrand-Ryhming nomogram prediction of 
aerobic capacity showed significant changes due to training. 
Analysis of group differences revealed that the 180 and the 
150 training groups improved significantly in MVO, , while 
“ne yiz0 and control groups did not. change with training. 
These results indicated the need for a heart rate above 150 
beats/min. during exercise before a training effect is 


elicited. 


Shephard (105) compared three training programs 
uSing three independant variables: intensity, duration 
ana frequency of training. Thirty nine sedentary subjects, 
aged from 19-41 years, were assigned to one of three inten- 
Sities (39%, 65% and 96% of the individual's aerobic 
capacity) for one of three durations (5, 10 and 20 minutes 
per session) for one of three frequencies (1, 3 or 5 times 
per week) for a six week training period. The maximum oxygen 
uptake improved from 35.6 to 37.4ml/kg/min. (5%) in the 
lowest intensity group and from 35.6 to 40 ml/kg/min. (12%) 
in the highest intensity group. He found intensity as the 
main factor influencing the training effect, and that this 
intensity must be above 65% of the individual's aerobic 


capacity. 
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Molloy (82) determined the heart rate response 
to varied intensities of training. Twenty four males 
(aged 17-24) participated in a six week training program 
consisting of a thirty minute bicycle ergometer ride, three 
times per week. The subjects trained at a work intensity 
corresponding to a pre-determined heart rate; group l 
trained at 155 bpm, group 11 at 140 bpm and group III 
at 125 bpm. The pre and post training tests predicting the 
aerobic capacity were conducted through the Astrand-Ryhming 
nomogram. He found a significant difference in predicted 
maximum oxygen uptake, over the six week training period. 
The values increased from 38.5 to 48.5 ml/kg/min., from 
37.8 to 46 ml/kg/min. and from 44.5 to 49 ml/kg/min. for the 
155 bpm, 140 bpm and 125 bpm groups respectively. In terms 
of net aerobic improvement, the 155 bpm and 140 bpm groups 
differed significantly from the 125 bpm and control groups. 
No other differences were shown to be significant. The 
author concluded that a thirty minute training session 
three times per week for six weeks results in a significant 
training effect on the exercise heart rate, only if the 
intensity of training exceeds a rather high level; for this 
study, the critical level fell somewhere within a pulse rate 


range of 125-140 bpm. 


Sharkey (102) attempted to control total work done 


in a training program and to vary the intensity and duration 
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38 
of the exercise. Thirty six male college students, aged from 
18 to 24 years, ewe assigned to either 7500 kpm or 15,000 
kpm of total work for each training session at 130, 150 and 
170 heart rates. The training program was conducted on a 
bicycle ergometer, three days per week over a period of 
Six weeks. Pre-post training differences did not reveal 
Significant intensity, duration or interaction effects. No 
attempt was made to equate groups on initial fitness levels, 
these large variations could account for the non-significant 


differences. 


Wenger (120) attempted to determine whether intensity 
or duration of training sessions is the primary determinant 
of endurance fitness if the total work performed during train- 
ing and the initial fitness levels within each group were 
equated. Thirty six subjects (mean age 27.9 years) were 
divided into three groups: the first group trained at 100% 


of the workload which produces MVO the second group trained 


33 
at 60% of the maximal work load and the third group acted as 
a control. The training was conducted on a bicycle ergometer 
and consisted of three sessions per week for seven weeks. 
Following training, the maximum oxygen consumption increased 
byrBSalfvomy39e5t torss~+ 328ml /ko/minw) andi 25so(iroms S306 
t0v48i9amiYkg/min.)Sforithen? l0O0SiandtTyo0sngroupsere= 


spectively. The blood lactate concentration increased 23% 
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34 
and 20% with training in the T 100% and T 60% respectively. 
After training also, significant decreases in heart rate, 
ventilatory volume and blood lactate concentration occurred 
for both training groups over the control at the workload 


which produced MVO, on the initial test. However, there was 


2 
no significant difference at this workload between the two 
training groups. The author concluded that any intensity 

eee Tene Eton eos GAPaS* Toe SE MVO, ) would be equally 
Suitable in reducing cardiac work at submaximal workloads. 
However, to improve maximum oxygen intake, he suggested that 
intensity of the training is the primary contributor in 
improving the oxygen transport ehctted The increased intensity 


seemed to improve, to a greater extent, the capacity to do 


physical work. 


Faria (43) investigated forty untrained healthy males, 
aged from 18 to 24 years, in a study of selected cardio- 
vascular adaptations to four weeks of training exercises 
eliciting heart rates either 120-130, 140-150, or 160-170 
beats/min- Training consisted of bench stepping until the 
assigned heart rate was reached, five days a week. Significant 
differences were found in the analysis of the pre-post 180 
work capacity test (PWC-180). Analysis of group differences 
revealed that the 140-150 and 160-170 training improvement 
was significantly different from the other group. No other 


ditferences were, statisticallyosi1oniticant.. The study sup- 
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35 
ported the hypothesis that when training to improve one's 
physical capacity to do work, the severity of the training 
efiformiisirelated)to,but not proportional to, intensity of 


the training. 


Most of the studies have suggested that the intensity 
of training is the major stimulus in improving the indivi- 
dual's physical work capacity. It has been possible to 
quantify the relationship of the intensity of training to 
the level of endurance acquired. These studies reported 
the possibility of an optimum response to a training 
threshold. Some studies demonstrated that training at a 
heart rate of 115-125 beats per minute resulted in a lower 
heart rate at rest and during submaximal exercise; further 
investigation indicated that training at 150-160 beats per 
minute resulted in both heart rate and maximum oxygen, 
consumption increases. A consensus from these studies 
Suggests that to improve the exercise tolerance of the 
cardiorespiratory system in adults the heart rate during 
the exercise must be increased at least above 60% of the 
difference between the resting and maximal rates, corres- 
ponding to approximately 150 beats per minute. In children 
this training threshold could be higher than in adults 
probably due to their slightly higher maximal heart rate 
and also because they are more physically active than 


adult individuals. On the other hand, this threshold can 


yi Lenostat iad tsct besaeppre uae eatbuzse ont 20 se0i6. 
-ivibai orld yaivorgni nt exiLomige Lot sat ois et pate os 

ot eidieeoq pee sini ti -wabosges ixow teviaylg @ 

ot paimisxt Yo yd tenodad ety 10 qidenotts hex ‘ang . 

bas x0qe2 esibute saedT Sued teers dons wwbas #0 ie 


a 
5 = 
bee mney 


ONMENLIEEF 6 ot sesoqest MOMotGoO 1s 0, yitt idteeog: 
ie hehe 
& 435 eniniass tons bo3szdanomeb esibute \amoe «bLom 


j a? 
xevo£ s nt Baaitigaes vacbcvonihae 150 asin ag nabs to. aie 
veritut? ioeintexs Isitixamdse pataue bas sass 5 otex 3 


14q etesd Odl- oaL +5 erin iss sed beteotpat ery pen 


,fepyvxo mumixem Das Sd6x t1s9R dasa me ‘bod toke® © 
 “geibute saer3 MOLT -ejansancs A rer cery Te iO. a 
ot Yo sonsvelos seidiexs ert aoaden ad jad 2386p 
paitobd etsx txrsod sit asinis at me 2ye yoda thea 
ois to 808 Sevods tesol a6 bSesersai sd eam — " 
~8orfo> (a5tea fsmixem bite etet2er ery wena s 
astbLido al’ ,sivnim ted eased eer elas ti couags aa 
eetubs al bet, ‘wardytt at piwe> Hodeoxs cia 
sysx dised Getcixsm tarp td vidi ite itfisds ot aub 
agis vitae, vireo needa leberet it sn 

yi nto biowouts ait sbpnd tere oH a0 Jeteubivépm 3 


36 
be influenced by the seasons; the present study was carried 
on during the winter time when the children were not engaged 


an bicycle riding. 
MAXIMAL WORK CAPACITY VALUES OF CHILDREN (TABLE I) 


Maximum oxygen consumption is said to be the best 
Single measure of physical fitness (9, 80), and has been 
used during increasing physical work as a maximal test 
in population studies as well as to assess the work capacity 
of athletes and those with heart diseases. Aging factors in 
maximal test are minimized by the requirement for the sub- 
jects to continue until the heart rate reaches the maximum 
for the age group under study. The physical work capacity 
of children has been studied in some exercise tests, such 
as running, stepping, bicycling, jumping, etc. Table I 
summarizes some cardiorespiratory values of children during 


maximal work on the bicycle ergometer or treadmill. 
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CHAPTER IIf 
METHODS AND PROCEDURES 
SAMPLE 


Thirty six volunteer boys between the ages of eleven 
and thirteen (mean age 12.5 years), participated in the study. 
All boys resided in Edmonton and were students at the 


College Saint-Jean. 
TESTING CONDITIONS 


The testing was done in a temperature of 23+#2°C in 
a class room of the College Saint-Cean; the humidity was 
not controlled. All the subjects reported to the testing 
room for the initial maximum oxygen consumption test during 
the three days prior to the training program. They were then 
tested again at about the same time of day during the three 


days following the six week training period. 
CALIBRATION AND DESCRIPTION OF THE INSTRUMENTS 


The test gases used to calibrate the oxygen and carbon 
dioxide analysers were checked with a Micro Scholander Gas 
Analysis Apparatus according to the Scholander technique 
described by Consolazio, Johnson and Pecora (23). The 


Beckman Model E-2 oxygen analyser and the Godart Capnograph 
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39 
carbon dioxide analyser were then calibrated with the test 
gases in the morning and at noon of every testing day. 

The Beckman is an instrument analysis system measuring the 
magnetic susceptibility of the gas mixture with a magnetic 
torsion balance. Since oxygen is strongly attracted into 

a Magnetic field and other expired gases are not, accurate 
oxygen analysis can be made even though other gases are 
present in the sample. The measuring principle of the 
Godart Capnograph is the absorption of infra-red rays by 
carbon dioxide gas. The carbon dioxide content of the gas 
being analyzed is read directly in percent from the scale. 
The correction factor (from barometric pressure and tempera- 
ture) for converting the gas volume to STPD was taken twice 


a day during the testing periods. 
COLLECTION AND ANALYSIS OF GASES 


The breathing apparatus which consisted of a Collins 
Triple J valve attached to an adjustable helmet, was fitted 
to the subject. A rubber mouth-piece was fixed to the triple 
J valve and a nose-clip occluded the nasal passages. The 
output of the triple J valve was connected by way of a flexi- 
ble, low-resistant plastic hose to a Douglas bag. A two 
way metal valve attached to the neck of each Douglas bag 
permitted the collection of the expired air at the desired 
time. The collected air was analysed for oxygen content with 


a Beckman Model E-2 analyser and with a Godart Capnograph for 
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40 
the carbon dioxide. The volume of expired air was measured 
in a Parkinson Cowan Dry Spirometer Type CD4. An Olivetti 
101 desk computer was pre-programmed with the formula from 
Consolazio, Johnson and Pecora (23), so to give an output 
of the following parameters: 


a) % of oxygen in the expired air 

b) volume of expired air (litres per minute,STPD) 
c) volume of inspired air (litres per minute,STPD) 
dad) oxygen consumption (liters per minute,STPD). 


e) oxygen consumption (ml per kg per minute,STPD) 
BLOOD SAMPLING AND ANALYSIS 


Between 45 and 60 seconds after each work load, 
blood was sampled from a finger tip of a hand pre-heated 
in a water bath kept at 45-47°C. Blood samples collected 
were analyzed for lactic acid content according to the 
enzymatic micromethod described by Mohme-Lundholm, Svedmyr 
and Vanos (81). The standard error for the micromethod 
to determine the lactic acid content of finger-tip blood 
is 4 percent. (See Appendix A for the enzymatic micro- 


method's description.) 
TEST PROCEDURES 


Subjects came to the testing room and their weight 
and height were taken. After a brief explanation of the 
test and a period of pedalling on the Monarch bicycle ergo- 


meter, the three electrodes were attached and connected via 
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41 
patient leads to a Sanborn Electrocardiography preamplifier. 
The head harness and Collins triple J valve were attached 
to the subject and the nose clip put in place. A maximum 
oxygen consumption test was then performed according to the 
method of Astrand (10) and modified by Macnab, Conger and 
Taylor (76). This test consisted of a series of work periods 
lasting four minutes each at different work loads with a 
five minute rest between each period. Heart rates were 
recorded and expired air was collected during the fourth 


minute of work at each work load. 


All the subjects performed a specific submaximal 
workload equal to 450kpm (1.5kp, 50 revolutions per minute). 
During the subsequent working periods, the work load was 
increased until the students reach their maximum oxygen 
consumption corresponding to a heart rate of 19518 beats/ 
min. Blood samples were taken between 45 and 60 seconds 


following each work load. 


The work loads during the post training test in- 
cluded the same submaximal work load (450kpm) and then further 
increases up to the new maximum load for the training groups. 
The control subjects, however, worked at the same loads as 
for the initial test and only exceeded their maximum if the 
heart rate was lower than the maximal heart rate reached 


during the first test. 
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ASSIGNING OF SUBJECTS TO THE TRAINING PROGRAM 


Following the pre-training test, all subjects were 


ranked according to their maximum oxygen consumption ex- 


pressed in ml per kg per minute. They were then divided 


into three blocks; the twelve subjects from each block were 


then randomly assigned to either of four treatment groups: 


a) 


b) 


e) 


d) 


training group (Tl) trained at a heart rate of 
170-180 beats/min. corresponding approximately to 
75-85% of the difference between maximal and rest- 


ing heart rates. 


training group (T2) trained at a heart rate of 150- 
160 beats/min. corresponding approximately to 60-70% 
of the difference between maximal and resting heart 


rates. 


training group (T3) trained at a heart rate of 130- 
140 beats/min. corresponding approximately to 45 to 
55% of the difference between maximal and resting 


heart rates. 


control group (T4) who were asked to maintain their 


same activity pattern for six weeks. 


Thus, there were nine subjects in each treatment group 


consisting of three subjects from each of the three blocks. 


The group means on maximum oxygen consumption (ml per kg 


per minute) were therefore equated: 


a) 
b) 
e) 
d) 


Tl = 46.68 ml per kg per minute 
T2 = 47.44 ml per kg per minute 
T3 = 46.56 ml per kg per minute 
T4 = 45.66 ml per kg per minute 
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TRAINING PROGRAM 


Training was performed on a Monarch bicycle ergo- 
meter three times per week for six weeks at a work load 
sufficient to elicit heart rates of either 170-180, 150- 

160 or 130-140 beats/minute, each session lasting 12 minutes. 
This training session duration was selected aGolewanily. ACs 
justment of the work load to maintain the specified heart 
rate was monitored during the first training session of 

each week by using an ECG recorder. The subjects in each 
training group started at different loads depending on 

their physical working capacity. The work load required to 
elevate the pulse rate to the pre-determined training rate 
became the subjects's training work load for the following 
two sessions in the same week. Heart rates were also deter- 
mined by carotid or brachial artery palpation during these 
two training sessions; this served as a rough check on the 


assigned training load. 
STATISTICAL PROCEDURES AND EXPERIMENTAL DESIGN 


A 4X3X2 factorial design (fixed model) with repeated 
measures on factor C was used (Winer (124)). The four 
levels of factor A were the treatments: 


a) tramming at 170-160 heart rate 
b) training at °’50-160 “heart rate 
Shetraini ng.atyl30-140 neare race 
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The three levels of factor B (initial fitness level) 
were the three blocks into which the subjects had been 


assigned according to their initial MVO, values: 


a) highest fitness level 
b) medium fitness level 


c) lowest fitness level 


The two levels of factor C were the: 


a) pre-training test values 


b) post-training test values 
STATISTICAL ANALYSIS 


The data of each parameter were analysed initially 
by a three way analysis of variance with repeated measures 
as discussed by Winer (124). The 4X3X2 factorial design was 
Gescribed previously and is summarized in Appendix F. If 
Significant F ratios were obtained, the data was plotted 
and an cbjective decision made cn which simple main effects 
were to be tested. Where F ratics for simple main effects 
were Significant, a Newman-Keuls test was used as a compari- 
son between means (124). However, since the groups were 
equated on MVO, relative to body weight and not on all 
parameters,if F ratios for simple main effects were signi- 
ficant at the pre-training test, a Scheffe Contrast test 
(124) was used between mean differences (pre~-training values 


- post training values) to determine in each group if the 
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45 
improvements with training were significant. The two 
Significant levels (P < .01; P <.05) were used. All 
computations were done via the IBM 360 computer at the 


University of Alberta. 


CHAPTER IV 
RESULTS AND DISCUSSION 


The physical characteristics of the subjects are 
reported in Table II. The age average of the subjects was 
12.5 years (ranging from 11 to 13 years). The mean body 
weight was 40.72 kg before the training and 41.57 kg after 
the six week training program (Figure 1).and the mean 
height was 152.8 cm before and 153.4 cm after the training 


period. 
RESULTS AT SUBMAXIMAL WORK LOAD (450 kpm per min.) 


The pre and post training values for the various 
physiological parameters are reported in Table III (mean 
and S.D. for each treatment group). The statistical ana- 


lysis of each parameter is summarized in the Appendix B. 


Heart Rate 


Following the six week training program, the heart 
rate at a given submaximal work load (450 kpm per minute) 
decreased in the three training groups compared to the con- 
trol group. The heart rate decreased 15.78, 13.67 and 12.12 


beats per minute for the Tl, T2 and T3 training groups 
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TABLE 21 


CHARACTERISTICS OF THE SUBJECTS 


(MEANS AND STANDARD DEVIATIONS) 


Age Weight Height 
Groups (years) (kg) (cm) 
Pre Post Pre Post 
a (170-180) 12.97 44.14 45.05 157.8 258 8b 
(N=9) tS PAWL! i SE SS 2 2) +19.4 +19.5 
T2 (150-160) 12.4 39.40 40.16 149.0 149.5 
(N=9 ) ETDS O27. 53 +2316 +2326 
T3 (130-140) 12.6 BENS LAASEN S2a Lass 149.2 
(N=9) 22 ie el ae Seg sl po a £16.30 
T4 (control) TZ 36 43.03 44.24 156.2 156.2 
(N=9 ) £9.08, £9.08 ctl a Bae +17.4 


Grand Mean eed ADs fi Qrvriady Lp p5r7 dma Dyes 53.4 


PRE-TRAINING 


POST-TRAINING 
S.D. (N=9) 
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FIGURE 1 BODY WEIGHT 


BODA MEICHL 


a 


= 


ECT 


LEVHAINC © 


10-180 ne 


Uy Yy Wis Lyi Wy 
WY Yip) WY 


NM - 
Ce ae 


O-198H'6' 130-340 tnd COMLYOF 


wy, 
4 


iy iy Wy) yyy wp 
oe WY YG Uy 


of 


r wi aa ; 


49 


ee eEEeEEEeEeEeEeEeEeEeEeEeEeEeEeseseseses—____________—__________________________________ = TIIETTETTITIEEEEEETEEEEEEEREEEER 


Pl ONG l-Oesie 1 6° Onc pe aye: ~~  b eeee O  C Oee OPL tC Ree Pr ot Bre (6=N) 

4 + rs + + ¥ ry ay $ $ + + + ¢ rg + “O35 +. 0b SW 
00°L S650" b°L G°L 6 °S8e-ciScmosce 12. Cece L°GE Cleese 1 Betst Sieee o- SST yoGeeT TOFseo}ve 
PlcOcl20 1 120° be S. t'Seecar §°9. epee so Ol“ OSs Oe Tt Beeee 9°Sl = Bo-ct (6=N) 

F F - Ta -F F F F F F F F F F F F ‘a°s F uPSW 
6670 S6°0. ccL 8°9.1°8C EC ACSeaGL IZ OpTea G°Of G6O°HeerT He-6e Syste O° EST pw een SOVIET) ed 
7056070 60 0° 16°C. S°Geetay 2:9 «ORES GOO 049 «Cfeece SET fr 1t © ee. ON 

F F + FF F F F F F F F F F F F gee st See 
66-0 96°0 9°L O°L €°9% EA CANT G°B8I GSC T'TE PIL PIT Ih°6z 89762 T°TST fe~eot FMOOT-OST) ca 
eri0stUs0 cs lace Te .8) St ieeoac 9°S  Geoeo'o) £1 *Gzecr "0 b6°S “"VESE Scr Sl Gt (6=N) 

F F 7 SF = 3, -3 F F F F F F F F F F "a°S F ueSW 
86 0.0670 £50858 £°9¢ MH oce0ucl &°9T LeGc-a O° re Cl° Pemoe "1 Pe“9C Pigee SB ecl Poort BeOst- ori) ie 


a 


AsOoqg oAg 380q eAq 348O0q PAdqd 3SOq 2Ad 780d eid 4804 Sid 380d Sid 380d o1d 


are cee nnn net ne A 


(FeEq/TwW) (g5ul) (UTW/SEeATzTT) (UTU/sezzTT) (UTW/Syx/TW) (*UuTW/szeEq) pees 
Oc21 astna©o Con/aA ALWLOVT aA Con Con o7eY 4FAIePOH Sututeisy 


es en mn sig Rs EES SN RS 


SLSHL ONINIVUL LSOd ANV 
Wid LY GHNIVLEO sv (°UuTW/Wwdy OGP) GWOT MHYOM IVWWIXWWdNS LV 
SUALANWUVd SNOIMVA YOA SNOILWIAKHAC GUVGNWLS GNV SNVHW dnoud 


Iitl Wiqv. 


J20T — ox¢ $208 - 


6 £000 ca. 8 re 98 TBS Pare G.0f 22S —@,8¢ 2 Se a = ‘Se. oS 
ae ae | = + $ A + t , 
O1f.0 e.f . £ £.8 G.f “O.8 @.2 €.0 ~-.0 £f.0 "al. ie oe 3 


OGG,0 O60 0.0 E.dS EAS SOL d.8i OveS fife M.E Bele bes ax f eb 
oShS ae ee eee i t t + + t piv’ vi ted © 
a0 C0.0 “€.0 O.£ 2.8 a8 T.8 §$.5 O18. &.¢~ 20.0 Pi S58 86a eshi 


S.y Oia tees 225 Cser kits One = es0t eo. “20,1 Fe.es oe O:tet 


ae ae; + + ‘ fet » +t a; '! Se 

5: Op ae eae a re Se a ec a ee ae ee: 
 ae0 PUCK SASS AS ECE Ls SKE YS Ss. NET Aes ae fs 0<82F ae 
+. ee ae + + + t + a + 


v0 ef0 ee a a a oe ee oe: ats ma a b.OF eae 


| PRE-TRAINING 


_ Post -TRAINING 
SD. (N=9) 


= 


(uiussyoeq) 3ivy LYv3H 


TRAINING 


FIGURE 2. HEART RATE AT SUBMAXIMAL WORK LOAD 
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respectively, while the heart rate of the control group 
increased slightly 0.44 beat per minute (Table III). A 
three way ANOVA (Appendix B-1l, a) showed a significant 
effect for time and treatment X time interaction. After 
plotting the means of the four treatment groups at the 

pre and post training test (Figure 2), it was decided to 
test for the simple main effects at both pre and post 
training values. A one way ANOVA (Appendix B-1, b) done 
between means at the pre training test revealed a signifi- 
cant (P < .05) F ratio, therefore a Newman-Keuls test 
(Appendix B-1, c) was carried out and showed that the 

heart rate of group Tl was significantly (P < .05) lower 
than the heart rate of group T3. Although the groups 

were equated on maximum oxygen consumption after the pre 
training test, they were not exactly similar in all physio- 
logical parameters before the training. An identical one 
way ANOVA (Appendix B-1l, e) followed by a Newman-Keuls test 
(Appendix B-l1, f£) were carried out for the post training 
values; this analysis reported also a significant difference 
between the three training groups and the control group. 
However, to correct this difference between group means 
before the training, a Scheffe Contrast test (Appendix B-l, 
g) was used to compare the differences between pre and post 
training values for each group. This comparison between 
mean differences permitted to evaluate the decrease in 


heart rate caused by training in spite of the inequality of 


/ 


"2 
quoxe Loxtne5 ony to stsx sett os rE 
A sar eidst) esuntar 18g geod Bh. 0” 

tnsoitiapie s bawode (6 , Doe xibnagaA) an ww 6 
xaftKh 8 .noktopistaL oats x Snenitsots bas omit x08 
ads 36 Bquomp snantesxd +yot st to aaeam eds ¢ 


t 


TP rang. 


ot Hbsbhiosb esw les s {Ss eee) sash paikentead, deog ian 


N 
teoq brs Sxg (dtodd 9s 2et052%9 alam olquie eft 202 3 a9 
ON 7 j oe is 


andbh (d \l-8 xitbneqgA) AVOMA ysw ono A .esulsy ait 
~tiiapie 6 balssvenx tacos phinisys etq Si red 7) ansom 
tess eafuoi-camwot 6 srotezedd ,oitss 7 (80, > DH 

eciz #9 boaworie Bae duo beeT8O asw {o vid 
tewol (@0, > 4) yvistnsottinpte aw fy Gutii io ot5x% I¥ 
agvotp oft dpyodtlA .€T quomp Jo emas EBrcyss ode ns 

s2q ods testis sottamvenoo BSE YRO fntintkstet ci bosaupe eset 
-oteyiq Ifa nt usiimie visoexXS! 40st stow ee ataed | 
eno [sotsnebi aA .priniexs arte atone, ezesomsxsg . 
t2das elvoA-asinwst 6s vd bewollot (S wore xibnoaga) soi 
iinisxt+ t2oq oft tod Juo beitzes sxew (3) gE | age 
Sonmesrisiipnh gasoLitinpfe s a setae 
-quoxe Lomizoo ond boas Soe Someries Aatires edt me 
ensem quoxrp taewtad sonets8t ib: an greene Ot yu 

I-@ xiboedad) tees Yeaz3n00 stisitoe By spans amy 9% 
teog bs era ngewe asohaxettib edt 


nsawisd noaitieqnon | aid? a id , ; 


ead 


mL snap aietantaye oa 


Ro a7 lin anit, 36 dr Mialges vay q 


52 
the groups before training. The Scheffe Contrast test 
showed that the heart rates in the three training groups 
decreased significantly (P < .05) with training; there was 
however no significant change in the control group ana 


also between the decreases of the three training groups. 


Oxygen Consumption (VO.) 


The oxygen consumption relative to body weight 
(ml per kg per minute) decreased very slightly in the four 
treatment groups (1.82, 0.27, 1.5 and 1.50 ml per kg per 
minute for the groups Tl, T2, T3, and T4 respectively) 
over the six week period (Table III and Figure 3). A 
three way ANOVA (Appendix B-1ll, a) did not show any 
Significant treatment or interaction effects. The body 
weight increased from 40.72kg to 41.5kg for the group's 
mean (Table II) over the six week program. There was also 
no significant change (Appendix B-III, a) in the vO, in 


litres per minute (Table III, and Figure 4). 


Pulmonary Ventilation (VE) 


The pulmonary ventilation at submaximal work 
load (450 kpm per min.) decreased slightly in the Tl, T2 
ana control groups (4.3, 1.27and (0.5 litres per min. 
respectively) while the group T3 increased by 0.1 litre per 


min. over the six week training program (Table III, Fig- 


-equortp eas a ee es 30 lattes oe 08. 


, = 
“ i! i te bw _ 


gripitsow ybod oF sviidsiex nottqauanon, nepyxo: vali a 
teot soit at yisipite yisv boesexp9eb: (ocheien kam katie 
ee eee ye a eee S20 »SB.2) aquomp 
(ylevisoeqest bP bus | | vet Wage fr. equomp ont “6 

A .(€ oxvpit bas trL Sldsty? bolted soow xke 4 

ves wode tom Bib i“ .LI-8 deryeyisie ier ce 


v4 ; ray? 
vbod oAT .2s98TIs noidsexsdai x0 | 3 


a’ quote sdz x02 pad. fh oF past. Qk moxi & ‘lots 
eale asw SiSsiT sMBIPOTG xoow “re! ot save et ona ae) 


mk .ov efitent (5. )tTE~ -s xibaogea) epqssdo, Snsoltinpés 
,(h exept Bas ce otds) = 


Axow Ismtixemdse +5 notte s isn 
ST 0D og: nk Pach 9 oe 


53 
ure 5). However a three way ANOVA (Appendix B-IV) 
failed to show any significant treatment or interaction 


effects. 
Blood Lactate Concentration 


Following the six week training program the 
blood lactate concentration decreased in the four treatment 
groups (4.8, 2.4, 2.1 and lye2mgt™for*the™oqroups”T1l 12, T3 
and control respectively) at the submaximal work load 
(Table III). A three way ANOVA (Appendix B-V, a) indicated 
a Significant time effect. After plotting the means of 
the four treatment groups for the pre and post training 
tests (Figure 6), two separate one way ANOVA to determine 
the simple main effects at both pre and post training 
tests were performed. The analysis for the four groups 
at the pre-training test did not show any significant 
differences. The one way ANOVA (Appendix B-V, b) to test 
for the simple main effects at the post training test 
revealed a significant (P < .01) F ratio} therefore, a 
Newman-Keuls test (Appendix B-V, c) was used and showed 
a significant (P.< .01) lower blood lactate concentration 
in the group Tl over the T3’and"coritrolgroups7”also, the 
T2 training group was significantly (P < .05) lower than the 
T3 and the control groups. However, in spite of the non- 


significant difference between the four groups at the 
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FIGURE 3 OXYGEN CONSUMPTION AT SUBMAXIMAL WORK LOAD 
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FIGURE 4 OXYGEN CONSUMPTION AT SUBMAXIMAL WORK LOAD 


LI@AKEY OXAGE COMZAWbLIGM Vi 2ABWYXIWYT MOBK FO¥D 


LEVIVC 
HS iO-i90H6 


IsO-18 


COMLKOr 


| Yi 7, MMM 
WEEE 


130-0 HE 


rs 


IES SELLS IRIRLS dy 
WM LOE, 
UM MELE 
Ws “ Oe a (Ad i SILTESS, A (IPs 


/ f Ti 
oO 
YY, 
; ie 
e PLITES, ed 


| PRE-TRAINING 
= 

Z POST -TRAINING 
SD. (N=9) 


Se | 

I = 
Se: 
= =eemem| 


a SINE 
ee 


© © © © © 
) wz ~ N a 


(dis uiwse4s'|) NOLVIILN3SA 


© 


170-1 180 H AR. 150: 460 HR. 130- _— CONT 


TRAINING 


FIGURE5 PULMONARY VENTILATION AT SUBMAXIMAL WORK LOAD 
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FIGURE 6 BLOOD LACTATE CONCENTRATION AT SUBMAXIMAL WORK LOAD 
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FIGURE 7 VENTILATORY EQUIVALENT AT SUBMAXIMAL WORK LOAD 
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59 
pre-training test, a Scheffe Contrast test (Appendix B-V, 
d) between mean differences at pre and post training 
values was used to evaluate the decreases with training 
in blood lactate concentration for each treatment group. 
The analysis resulted in a significant (P < .05) decrease 
after training in blood lactate concentration only in 


the Tl training group. No other change was significant. 


Ventilatory Equivalent (VE/VO,) 


The ventilatory equivalent decreased in the Tl, 
T2 training groups (2.0 and 1.0 respectively) and increased 
in the T3 and control groups (1.4 and 0.3 respectively) 
over the six week training program (Table III, Figure 7). 
However a three way ANOVA (Appendix B-VI, a) failed to show 


any treatment or interaction effects. 


Oxygen Pulse (VO,/heart beat) 


The oxygen pulse increased in the three training 
groups after the training period (Table III, Figure 8), 
and a three way ANOVA (Appendix B-VII, a) suggested 
treatment effect. After plotting the results, a one way 
ANOVA (Appendix B-VII, b) followed by a Newman-Keuls test 
(Appendix B-VII, c) revealed a significant difference 
between the four groups at the pre-training test. The 


treatment effect found in the three way ANOVA was probably 
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60 
due to the differences between groups before the training. 
However, a Scheffe Contrast test (Appendix B-VII, d) used 
to evaluate the increases with training in each group did 


not show any significant improvement following training. 
RESULTS AT MAXIMAL WORK LOAD 


The pre and post training data for the various 
physiological parameters are reported in Table IV (mean and 
S.D. for each group). The statistical analysis for each 


parameter is summarized in the Appendix C. 
Maximal Work Load (kpm per minute) 


Following the six week training program the work 
load necessary to reach the maximum oxygen consumption 
increased in the three training groups while it remained 
unchanged in the control group (Figure 9). These increases 
were 250, 216.7 and 183.3 kpm per minute in the Tl, T2 and 
T3 groups respectively (Table IV). A three way ANOVA 
(Appendix C-1, a) showed a significant treatment effect for 
time and time X treatment interaction. After plotting the 
means of the four treatment groups for the pre and post 
training tests, two separate one way ANOVA were employed 
to determine the simple main effects at both the pre and 
post training tests. The one way ANOVA (Appendix C-1, B) 


for the four group means at the pre-training test reported 
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FIGURE 8 OXYGEN PULSE AT SUBMAXIMAL WORK LOAD 


WOEK TO¥D 


A 
d 


FIGRKES  OXACEY bATZE-VL 2A BAVXIWYT 


LEViAKAC 
{320-1006 190-190 H& COMLEOT 


}NO-180 4 


VM ULILS 
LMU 


Witte 
Ft Z 


62 


ee EO ES a SS ee SS 


GT On02 0 Cul SZ veers OC le OST Cacia ps0 Set0 Lo ORteee SS 6S” sere OCT 6OgSOT (6=N) 

F mee: F F i F ; F ; F 5 F F F ; + + "a's F ueoW 
GI*E cl". 6°6 PlOl £ eetete 0°18 €°C8 PESQDTRED PO" LE“Thonsry 99°S? €°S6l eeyem 1°996. ~E™996 (TOz3u0e) ya 
(EL OeGteO O° O°L 6 ceeeete S° OH T°€Z 9F9%OeL. 02°0 CC ORO ee 7S 20 eee 0 Sar col (6=N) 

F fee = = F 7 : F F F = F F F F F F ‘a's F ueoW 
Ol°"E BOTT 176 £°3 Zi Gerstee L°Te 6° 8 PRSS GeSS LL°1 LO°LBPCSeY 95° Sr << Pol teecG 1 OMOT Cte (Ort -OEt) cL 
To°O GUO Lie. <oc. Ae peetiotas 6 Tc CLI CRE Ce TH OC 0 SE ORO 82 cL eee i ca 8 eit (6=N) 

F #  # F = F F F F F F F ‘a's F ueoW 


+ 
e +1 
+ 
+ 
e+! 
+1 


Fit Ste f° 6 6°96 8° Geen: 9. fo 9°CS LETOecvoar0G 1 C8 LeOO vey wr ay © 961 toueert C°CGlLT LOG (O9T=Gan) cL 


Zee 0 Coc tae «OS Gece OE Ce SLL Leciaver se Syl 0 er OR Oe GL LG * Beans Lalo  6°6CE (6=N) 
as F + + + ns + + ¥ + ¥ ¥ ¥ + ¥ o cs + ‘a°s + UeOW 
ert Tl ar CLL POT Sole eco 6°98 L°UL teOeeGn99 62°C CO" CESS 89° OV € 76l Gero Ue0scL O°OO00T (O8T-OLT) TL 


See ee eS SS ee Se 


4sog e1g 480d EFd 380q 81d YSOq 1g SOG S2g FSO0Cd SAq 480d Sra 2 SOd Sig. S04 oad 
3 Se ae eee ee eee Co eee ee ee 
(UTu (UTu ; 
(qeeq/Tw) (gu) /SeZATT) /SETTT) (UTW/SA/TW) uTU/szeEq) (utw/uds) 5 as 
auO lad asind fo COA/aA ALWLOVTI HA con Con aLVa LavaH advVOIl MYOM BbututelaL 


ae en ee ee eee ee TEES Lica ae. oa 


SLSHL ONINIWYL LSOd GNV Hud LY GHNIVLAO S¥ SCVOT MHOM TYWWIXVW LY 
Sada LawvaVvd SNOLYWA YOd SNOILVIASG GYVANVLS CNY SNWAW dNoudd 


AI dTavi 


" : . ; a Fok yl ee om 
j [=> STP ass eS Sse RE = ahead THAT GEAGs fine i 


7. == iy3 PA x <. Sy. - aie ea GAGS Me = 


feud! »> fee ar tab <a os ts ae = ah cies at) ~ eho) es ivdate a ray 
> (er ver : 7 : : j a ee OS —— “ 


aes ee 
3509 => é +2 St Jeng - ge Sac% ? Cs od atts eas 
Se _ = —— ae es a 7 Se 2 oe ee — 


= eg 


= 
z : : : ” : . Sn 
Cs . 4 > é « te a> bas « =< Era! wit 
> re * = + : ~ Ss 
te ' . % "y t= = I 
a= - ‘ | ~ er =~ - +h ss é 7 


rs: i a 5 cr < 
Vi. 0 Eico c : : : O,251 “Es sEL< 
= - 2 e 
ae 
Et. ws t LehOl 7. oes T.pe0Ff 
= 2 2 + « 
- 0 4 = C i : t & ep; i Pos = 
a -- 
_ _ 
nn 
— 7 
= 
in ; 
—— = 
— _ a 


| 


| PRE-TRAINING 
Z : 

Z POST -TRAINING 
| sp. (N=9) 


WW £ 
anemia 
MME 

mecrahaulbatrre. 


Se 
rs nat 


TRAINING 


FIGURE9 WORK LOADS AT MAXIMUM OXYGEN CONSUMPTION 
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64 
a Significant (P < .05) F ratio, and therefore a Newman- 
Keuls test (Appendix C-1, c)) was carried out and showed 
that the work load of the group Tl was significantly 
(P < .05) higher than the work load of the group T3. An 
identical one way ANOVA (Appendix C-1, e) followed by a 
Newman-Keuls test (Appendix C-1, f) were used for the four 
group means at the post training test. These tests led to 
the conclusion that the work loads of the group Tl and T2 
were Significantly (P < .01) higher than the work loads of 


the T3 and control groups. 


However, to compensate for the inequality of work 
loads between the four groups at the pre training test, a 
Scheffe Contrast test (Appendix C-l, g) was used to 
evaluate the increase of work load with the training for each 
treatment group. This comparison between mean differences 
(before and after training for each group) showed a sig- 
nificant (P < .01) increase of work load in the three 
training groups while the control group remained unchanged. 
There was, however, no Significant difference between the 


increases of the three training groups. 
Maximum Heart Rate 


The maximum heart rate remained unchanged in the four 
treatment groups over the six week training program (Table 


IV, Figure 10). A three way ANOVA (Appendix C-1l, a) 
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FIGURE 10 HEART RATE AT MAXIMAL WORK LOAD 
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did not show any treatment or interaction effects. The 


groups' mean for heart rate was 195 + 5.5 beats per minute. 


Maximum Oxygen Consumption (MVO.,) 


After the six week training program, the maximum 
oxygen consumption relative to body weight showed a sub- 
stantial increase only in the high training group Tl 
(5.6 ml per kg per minute). The T2 and T3 training groups 
increased very slightly (0.56 and 1.68 ml per kg per 
Minute respectively), while the control group decreased 
by 1.97 ml per kg per minute (Table IV, Figure II). A 
three way ANOVA (Appendix C-III, a) revealed a significant 
treatment effect, and time X treatment interaction. It 
was not required to test for simple main effects at the 
pre-training test, because the four treatment groups were 


equated on their MVO, values before the training. A one 


Z 
way ANOVA (Appendix C-III, b) to test for the simple main 
effects at the post-training test indicated a significant 
(P < .05) F ratio; therefore, a comparison of the treatment 
means with a Newman-Keuls test (Appendix C-III, c) showed 
TlLsgroupstosbessignificantly.(B.<..05) higher in MVO,, than 
the two other training and control groups. No significant 


difference was found between the T2 and T3 training and 


the control groups. 
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The MvO., in litres per minute increased in the three 
training groups (0.27, 0.08 and 0.10 litres per minute for 
the Tl, T2 and T3 groups respectively) while the MVO, in 
the control group decreased slightly (0.03 litre per minute) 
over the six week period (Table IV, Figure 12). An identical 
three way ANOVA (Appendix C-IV, a) and a one way ANOVA 
(Appendix C-IV, b) followed by a Newman-Keuls test (Appendix 
C-IV, c) using the post training values showed the Tl 


group to be significantly (P < .01) higher in MVO., than 


2 
the T3 group and also, significantly (P < .05) higher than 


the T2 and control groups. 


Maximal Pulmonary Ventilation (MVE ) 


The four treatment groups increased slightly in 
Maximum pulmonary ventilation (4.7, 3.2, 2.9 and 2.3 
litres per minute for the group Tl, T2, T3 and control groups 
respectively) over the six weeks of training (Table IV, 
Figure 13). However, the three way ANOVA (Appendix C-V, a) 
failed to report any significant treatment or interaction 


effects. 
Maximum Blood Lactate Concentration 


The maximum blood lactate concentration (mg per 100 
mls of blood) increased in the four treatment groups (15.1, 


11.0, 6.8 and 3.7mg% for tthe? Tl pita, T3 and control groups 
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FIGURE 11 MAXIMUM OXYGEN CONSUMPTION 
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FIGURE 12 MAXIMUM OXYGEN CONSUMPTION 
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respectively) after the six week training program (Table 
IV). A three way ANOVA (Appendix C-VI, a) showed a signifi- 
cant time effect. After plotting the means of the four 
groups at pre and post training tests (Figure 14), it was 
decided to evaluate the increase with training in blood 
lactate concentration for each group. Due to the inequality 
between groups at the initial blood lactate level before 
training, a Scheffe Contrast test (Appendix C-VI, b) 

between mean differences (before and after training) was 
carried out for each group. The analysis demonstrated 

a Significant (P < .05) increase in blood lactate only for 
the Tl group after the training; no other difference was 


found in the two other training and control groups. 


Maximum Ventilatory Equivalent (VE/VO.) 


There were slight decreases in maximum ventilatory 
equivalent for therfl, T3 training groups (1.5 and90 3 
respectively) while this parameter increased in the T2 
training and control groups (0.5 and 0.6 respectively) 
over the six week period (Table IV, Figure 15). However 
a three way ANOVA (Appendix C-VII, a) did not show any 


significant treatment or interaction effects. 


Maximum Oxygen Pulse (VO,/Heart Beat) 


Following the six week training program the maximum 
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FIGURE 13 PULMONARY VENTILATION AT MAXIMAL WORK LOAD 
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FIGURE 14 BLOOD LACTATE CONCENTRATION AT MAXIMAL WORK LOAD 
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FIGURE 15 VENTILATORY EQUIVALENT AT MAXIMAL WORK LOAD 
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oxygen pulse increased in the three training groups (1.4, 
1.1 and 0.4 mls per beat for the groups Tl, T2 and T3 
respectively) while it decreased (.05 ml per beat) in the 
control group (Table IV). A three way ANOVA (Appendix 
C-VIII, a) showed a significant treatment effect and time 

X treatment interaction. After plotting the means of the 
four groups at the pre and post training tests (Figure 16), 
a one way ANOVA (Appendix C-VIII, b) to test for the simple 
main effects of the four treatments at post-training test 
was done. The analysis revealed a significant F ratio and 
therefore a Newman-Keuls test (Appendix CHV iL diac ) was 
carried out and showed Tl training group to be significantly 
(P < .05) higher in oxygen pulse than the three other 
groups. No other difference was found between training and 


control groups. 


The significant changes with training at submaximal 
and maximal work loads are summarized in Table V for each 


treatment group. 
DISCUSSION 


Adaptation to physical activity manifests itself in 
two ways: firstly, by greater economy of the trained 
organism in response to a standard submaximal work load; 
secondly, by the greater ability of the trained individual 


to perform more intense work for a longer period of time, 
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FIGURE 16 OXYGEN PULSE AT MAXIMAL WORK LOAD 
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FIGURE 17. TRAINING WORK LOADS 
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Since he has an increased functional cardiorespiratory 
capacity. In most of the previous investigations on the 
effects of physical training upon the oxygen transporting 
system in man, the subjects have consisted exclusively of 
adult individuals (5; 16,21, 24, #O;mslnesscyados45 ; 53, 
sao; oo, 97, 103, 120)n They traiming factors most 
frequently mentioned are exercise intensity, duration 
and frequency. Many studies (37, 42, 67,82, 102,103, 105, 
120) dealing with exercise intensity have indicated that 
the training stimulus is directly related to the intensity 
of exercise. The training program used in this study was 
designed to determine the relative effects of three different 
training intensities in children, when the training groups 
were equated on the initial fitness level, frequency and 


duration of the training sessions. 


It is well known that training can cause a decrease 
of the submaximal exercise heart rate and several types 
of tests of "Physical Fitness" are based on counting the 
exercise or post-exercise heart rate. The work of Astrand 
(9, 10) showed that there was a close correlation between 
the maximum oxygen uptake of a subject and his or her heart 
rate response to graded exercise, and this correlation 
has been used as a basis for assessing maximum oxygen 
uptake from the heart rate recorded during submaximal work. 


In this study, following the six week training program, the 
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TABLE V 


SUMMARY TABLE OF THE SIGNIFICANT CHANGES WITH 
TRAINING FOR THE VARIOUS PARAMETERS AT SUBMAXIMAL 
AND MAXIMAL WORK LOADS 


TREATMENT GROUPS 


PARAMETERS eel: T2 r3 T4 
(170-180) (150-160) (130-140) (Control) 


SUBMAXIMAL WORK LOAD (450 kpm/min.) 


Heart Rate (beats/min. ) #V *V *V 
VOz (ml/kg/min.) 
vo. (litres/min. ) 
VE~ (litres/min. ) 


Lactate (mg%) *V 
VE/VO 
05 eeiee (ml/beat) 


MAXIMAL WORK LOAD 


Work Load (kpm/min. ) ** kk A kk 
Heart Rate (beats/min. ) 

MVOz (m1/kg/min.) “ft 

MvO, (litres/min.) cas 

MVE~ (litres/min.) 

Lactate (mg%) * A 

VE/VO> 

05 Pulse (ml/beat) * 


A eo. OniplCant at dins0.. 
* significant at a.05 


A increase; v decrease 
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heart rate at the given submaximal work load decreased 
significantly .(P <..05). in the three training. groups 

(15.8, 13.7 and 12.1 beats per minute for the Tl, T2 and 

T3 groups respectively) but remained unchanged in the control 
group (Figure 2). The 11%, 9% and 8% decreases in heart 

rate for the Tl, T2 and T3 groups respectively are in line 
with the results reported previously (5, 9, 33, 37, 40, 

54, 86, 88, 97, 99). The largest decrease of heart rate 


was 28 beats per minute for a subject in the Tl group. 


The factors governing the effect of training on the 
heart rate are multiple. The increase of the heart rate 
during work is considered to be partly due to a reflex 
response, in which the afferent stimuli come from the working 
muscles (10). As a general concept, Karvonen (67) suggested 
that the impulse drive from the muscles becomes particularly 
intense when the conditions in the muscles become anaerobic. 
Thus, the training improves the oxygen transport system 
to the working muscles and consequently, anaerobic condi- 
tions are not as easily produced in a trained muscle as 
in an untrained one. However, this concept was discussed 
by many physiologists such as Astrand (13), Ekblom et al. 
(40, 42) Hartley et al. (54), Shephard et al. (105, i109) 
and Saltin et al. (96, 97, 98, 99), and they suggested | 
that this decrease in heart rate at submaximal work load 


following training was due to either an increase in stroke 
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80 
volume and/or an increase in arteriovenous oxygen dif- 
ference or both effects combined. The work of Saltin et al. 
(96, 97), Hartley et al. (54) and Bevegard (15) have shown 
that the cardiac output does not change at submaximal work 
load after training and concluded that the stroke volume 
increases to compensate for a lower heart rate. On the 
other hand, Andrew et al. (55), Douglas et al. (37) and 
Tabakin et al. (114) have reported a decrease in cardiac 
output at submaximal work load following training due to 
a Significant decrease in heart rate while the stroke 
volume remain unchanged. Supporting this concept, Ekblom 
etrals (40):cattributed this decreasesinwheart*ratesmainly 
to an increased arteriovenous oxygen difference rather 
than an increased stroke volume. The improvement in the 
arteriovenous oxygen difference might be due to a mien 
complete extraction of the oxygenated blood in the working 
muscles, and/or a more effective regulation of the cardiac 
output, that means more blood in the working muscles and 
less blood in the inactive parts of the body. However, 
these investigators (37, 40, 55, 114) who reported a lower 
cardiac output at submaximal work load after training have 
partly attributed their observations to a redistribution 
of blood flow from other body tissues to the exercising 
muscles. Precisely, they suggested that, after training, 


the perfusion of the exercising muscles was favored by a 
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81 
more pronounced restriction of splanchnic and renal blood 
flow. But in fact the opposite effect was demonstrated by 
Rowell et al. (94) who found that the decrease in the 
splanchnic and renal blood flow was less pronounced in 
trained than in untrained persons during a given submaximal 
exercise. Furthermore, recent studies performed by Clausen 
et al. (20, 21) and Grimby and Saltin (50) with the 
133 yenon-clearance method have demonstrated that muscle 
blood flow is reduced when measuring at identical submaxi- 
mal work loads before and after training. According to 
these findings, it seems that the increase of the arterio- 
venous oxygen difference at the submaximal work load 
following training is mainly caused by a more complete 
extraction of the oxygenated blood in the working muscles 
rather than a redistribution of the cardiac output favor- 
ing the blood flow in these working muscles. The logical 
explanation for this more complete oxygen extraction is 
given by the biochemical changes observed in muscle tissue 
after physical conditioning. In animals, a two-fold 
increase in the activity of oxidative mitochondrial enzymes 
and an increase in the number and the size of the mitochon- 
dria have been demonstrated by Gollnick et al. (48) and 
Holloszy (60). Recentiy, it was shown by Morgan et al. 


(84) that similar changes also occur in human muscles after 


training. 
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Thus, the decrease in heart rate during submaximal 
work load found in this study for the three training groups 
can be attributed to either a decrease in cardiac output 
as a result of an increased arteriovenous oxygen difference 
or an increase in stroke volume to maintain a similar 
cardiac output or a combination of both effects. However, 
the increase in oxygen pulse at submaximal work load 
following training was not significant (Figure 8). Since 
the oxygen uptake did not change significantly at this 
work load (Figure 3), the slight increases in oxygen pulse 
were due to the lower heart rates. In any event, the in- 
crease in oxygen pulse would fail to clarify the controversy 
because it could have been due to either an increased 
arteriovenous oxygen difference or/and a larger stroke 
volume. However, according to Saltin (96) the effects of 
endurance training in young people should be represented 
DY “SnOrtc~term and Long-term ase ureters. The long-term 
changes (i.e. physiologic capacities) are best exemplified 
by the increase in heart size and consequently in stroke 
volume, while the short-term (i.e. neurogenic) are best 
illustrated by a better distribution of the cardiac output 
and consequently a more complete extraction of the oxy- 
genated blood in the working muscles and also a more effec- 
tive use of the muscle mass during exercise. In the 


present study there was no significant difference in the 
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83 
decreases of the heart rate between the three training 
groups following training. It seems that as long as 
the training heart rate is above 130 beats per minute, 
optimum decreases in heart rate at a given submaximal 
work load can be achieved with children. ‘This training 
intensity corresponded to approximately 45% of the dif- 
ference between resting and maximal rates. This finding 
is similar to the results of Hollman et al. (57) and 
Durnin et al. (38) who observed in adults that walks 
eliciting heart rate of 120-130 beats per minute resulted 
in a Significant change in the heart rate response to a 
set amount of work. In spite of this lack of significant 
difference between the three training groups, it is 
evident, however (Figure 2), that the high intensity 
group Tl improved more than the medium and low intensity 
groups (T2 and T3 respectively). On the other hand, the 
training threshold necessary to improve the aerobic power 
is different from the stimulus which improved the heart 
rate; this is further discussed under the maximal oxygen 


uptake section. 


The blood lactate concentration at the given sub- 
maximal work load decreased significantly (P < .05) in 
the Tl group but did not change substantially in the T2, 
T3 and the control groups (Figure 6). The 25% (from 16.8 


to 12.0 mg%) decrease in the Tl group following training 
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84 
is slightly lower than the decrease reported by Ekblom 
(40, 42), Saltin et al. (97), Robinson et al. (91) and 
Wenger (120), but similar to those obtained by Edwards 
et al. (39), Hartley et al. (54), Faulkner (44) and 
Williams (122). This significant decrease in blood 
lactate level occurred only in the Tl group which demon- 
strated a significant improvement in maximum oxygen 
uptake (Figure 11). This relation suggests that in un- 
trained subjects, the lactate production 2: submaximal 
work load is a direct consequence of an insufficient 
aerobic energy supply. Assuming that the training 
intensity improves the aerobic power, one would also 
expect that a concomitant decrease in the involvement of 
the anaerobic energy yield would occur at a given sub- 
maximal work load. Astrand et al. (13) and Saltin (96) 
interpreted this decrease as an Snorenawen OG a more 
effective oxygen transport during the beginning of the 
work, leading to a diminished anaerobic energy yield. 
Also, Ekblom et al. (40, 42) suggested that the increased 
arteriovenous oxygen difference after training could 
account for the decreased anaerobic metabolism at a given 
submaximal work load. Supporting this concept, Saltin 
et al. (99) mentioned that the training increases activa- 
tion of red muscle fibres leading to a more efficient 
energy yield from aerobic processes. Furthermore, 


Hermansen (56) and Williams (122) demonstrated that the 
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85 
lactate level in the blood starts to increase at a higher 
percentage of the maximal oxygen uptake in trained people. 
Studying the effect of training at the cellular level, 
Holloszy (60) reported that during moderate exercise, 
the rate of aerobic metabolism of pyruvate in the muscle 
of sedentary individuals is limited not only by the 
oxygen supply but alsoby the capacity of the mitochondria 
for pyruvate oxidation. A two-fold increase in the capa- 
city to oxidize pyruvate in the muscles of rats subjected 
to a program of strenuous exercise has been demonstrated 
by Holloszy (60) and he suggests that the increase in 
respiratory activity induced in muscle by physical training 
could play a major role in decreasing lactate production 


during submaximal work. 


Although the pulmonary ventilation did not change 
Significantly at the submaximal work load, it is apparent 
(Figure 5) that there was a slight drop in the ventilatory 
volume due to training. There was also a small diminution 
in oxygen consumption following training (Figure 3). 
Astrand and Rodahl (13) reported that during submaximal 
work of relatively low intensity, the pulmonary ventilation 
per litre of oxygen consumed does not change substantially 
with training. This assumption is explained by the fact 
that during submaximal work, the level of ventilation is 
primary determined by the CO. production which is 


directly related to the 0. utilization. Apparently the 
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depth of respiration is increased somewhat, associated 
with a corresponding reduction in the respiratory rate 
(13). On the other hand, some studies (5, 33, 37, 42, 

96) showed a decrease in pulmonary ventilation at sub- 
Maximal work load following training. Since the blood 
lactate concentration is generally lower during submaximal 
work following training (higher pH of the blood), the 
respiratory drive is reduced resulting in a lower ventila- 
tory volume. In this study, a decrease in blood lactate 
level to a greater extent in the Tl group compared to the 
T2, T3 and control groups (Figure 6) corresponded to a 
greater decrease of the pulmonary ventilation in this Tl 


group after training (Figure 5). 


The ventilatory equivalent (VE/VO, ) at both sub- 
maximal and the maximal work loads did not change with 
training (Figures 7 and 15). The results in this study 
are similar to those reported by Saltin et al. (97, 99) 
and Hermansen (56) who failed to obtain any significant 
changes in the ventilatory equivalent over a training 
period. These investigators mentioned that the changes 
in pulmonary ventilation are directly proportional to 
the changes in oxygen consumption. Thus, the ratio of 
pulmonary ventilation to oxygen consumption remained un- 


changed both at maximal and submaximal work loads. 
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The maximal pulmonary ventilation increased 
Slightly in the three training groups due to training 
(Figure 13), but this improvement was not statistically 
Significant. The main factor responsible for this in- 
crease could be the increase in blood lactate level at 
maximal work following training. This increase in 
lactate contributes to a lower pH of the blood and/or a 
higher PCO. and, therefore, the chemoreceptors controlling 
the respiratory center are activated. It is apparent that 
a greater increase of lactate in Tl group (Figure 14) 
corresponded to a greater increase of pulmonary ventila- 


E2on for this training group. 


Over the six weeks of training, the maximal oxygen 
consumption increased Significantly by 11% (from 46.68 to 
51.74 ml per kg per minute) in the Tl group but remained 
substantially unchanged in the T2 and T3 training and 
control groups (Figure 11). This improvement in MVO5 is 
in line with many studies which have shown increases 
fanging frome5aton3s0tAfollowing tragning (29%) i33%.i4l. 44, 
54, 86, 97, 118, 123). However, it seems ambiguous to 
compare the magnitude of improvement of MVO,, with others 
studies because the changes are related to the intensity, 
duration and frequency of training and also to the age of 


the subjects and their initial fitness levels. Ekblom (41) 


showed a 20% increase of MVO. in the 11 year old boys after 
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88 
a six month training program; the MVO,, of the control 
group did not change over the same period of time. In 
Daniel's study (32), fourteen boys, aged 10-15, did not 
increase their MVO,, relative to the body weight after 
twenty-two months of distance running. The 22% increase 
in MVO, was accompanied by a 23% change in body weight. 
According to Andrew et’ al. (5), Douglas et al. (37), 
Bebiomy ck tal. (407) 42)¢and+Sattin Et» al<* (97) 7+ thetin= 
creased maximal oxygen uptake following training is 
partly due to an increased maximal cardiac output and 
partly due to a higher arteriovenous difference. There- 
fore, maximal heart rate is almost unchanged with training 
in young subjects (41, 54, 86, 88, 90 and this present 
study) (Figure 10), the increase in cardiac output is due 
to the increase in stroke volume. On the other hand, 
Rowell et al. (95) observed that the increase of MVO,, 
after two months of training was mainly due to an increased 
arteriovenous oxygen difference while the maximal cardiac 
output and stroke volume remained unchanged. The increased 
arteriovenous oxygen difference might be mainly due to an 
increase in blood flow in the working muscles and/or to a 
more soRoreLe extraction of the oxygenated blood. Donald 
et al. (36) agreed with this concept of more effective re- 
distribution of cardiac output and found that during 


maximal exercise, approximately 4 litres per minute more 
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89 
blood was distributed to active muscles in the sedentary 
subjects following training. Furthermore, Holloszy (60) 
Suggested that there is, even during maximal exercise in 
normal muscle cells a capacity to utilize more oxygen 
than is transported by the circulatory system. However, 
the increase in MVO,, with training might be achieved in 
different ways depending on the age of the subjects. 
Hartley et al. (54) and Saltin et al. (98, 99), studying 
the effects of training with different age groups of 
subjects (20 to 50 years) demonstrated that the distribu- 
tion changes of blood flow by training are minimized by 


the aging process, thus the improvement of MVO. in older 


2 
subjects can mainly take place by increasing the stroke 
volume and the cardiac output. In comparison with younger 
subjects their increase was partly due to a larger stroke 
volume and also to a higher arteriovenous oxygen difference. 
They concluded that the blood flow to the legs in middle- 
aged subjects only paralleled the increase in cardiac output 
following training. Considering the findings of Hartley 
(54) and Saltin (98, 99) regarding this aging effect on 
blood flow, it could be possible that the increase in MVO,, 
in children with training is due in major part to the 
increase in arteriovenous oxygen difference caused by the 


more effective distribution of cardiac output. The signi- 


ficant increase of the oxygen pulse for the Tl group after 
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training (Figure 16) was due to an increase of MVO., in 
this same group while the maximum heart rate did not 
change. However, it remains impossible to determine if 
this increase of oxygen pulse resulted from a larger 
stroke volume or/and an increase of arteriovenous dif- 
ference. The significant improvement of MVO,, in the Tl 
group only suggests a training threshold below which no 
increase of the aerobic power occurred in this age group 
of children. This training stimulus was found to be above 
170 heart beats per minute. Hollman (57), Karvonen (67, 
68), Faria (43), Roskamm (93), and Sharkey et al. (102, 
103) have reported a training threshold above 150 beats 
per minute or above 60% of the difference between the 
resting and maximal heart rates, necessary to elicit an 
improvement in physical work capacity with adult subjects. 
It appears in this study that the training stimulus in 
children in terms of heart rate is higher than the one in 
adults, partly because their maximal heart rate is slightly 
higher, but also probably because the children are much 
more physically active in their day life than adult indivi- 
duals. Expressed in percentage of the difference between 


the resting and maximal rates the training threshold in 


children is above 75% compared to 60% in adults. 


Although the maximal blood lactate concentrations 


increased 21%, 13% and 5% (for the Tl, T2 and T3 groups 
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respectively) over the six week training, this change was 
Significant only in the Tl group (Figure 14). These in- 
creases Of blood lactate at maximal work are similar to 
the results with adults reported by Cunningham (29), 
Ekblom (40, 42), Saltin (96, 97) and Williams (121, 122). 
To what extent this higher concentration of blood lactate 
following training may be due to an increase in physio- 
logical tolerance for lactic acid with its side effects, 
or a greater psychological ability to exert oneself, is 
not understood. Astrand and Rodahl (13) suggested that 
the enlargement of muscle fibers induced by training 
leading to an increase of muscular strength and also a 
higher maximum work load (Figure 7) must inevitably in- 
crease the energy demand from the anaerobic energy yield. 
In this study it seems that the training threshold neces- 
sary to improve the MVO,, (Tl group) also improved the 
anaerobic metabolism (Figures ll, 14). Because the Tl 
group was taxing the anaerobic energy processes to a 
larger extent throughout the training than the T2 and T3 
groups which were working mostly aerobically, it was 
expected that the ability to tolerate the lactic acid in 


the blood was greater in the Tl group. 


The primary objective of physical training is an 
increased capacity to perform physical work. The three 


training groups increased significantly (P < .01) their 
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92 
maximal work loads by 25%, 23% and 21% (for the Tl, T2 
and T3 groups respectively) while the control group did 
not improve over the six week training program (Figure 
9). Along with the increase in aerobic and anaerobic 
metabolism, there might have been expected a greater 
increase in the Tl group than in the T2 and T3 groups. 
But the small differences of 33 and 67 kpm per minute in 
the increases with training between T1-T2 groups and Ti- 
T3 groups respectively were not significant. However, 
after a close analysis of the maximal work loads in the 
three training groups (Table IV and Figure 9) it appears 
that the average work load in the Tl group is much higher 
than the work load of the T2 and T3 groups at the pre- 
training test. This higher maximal work load in the Tl 
group can be attributed to the higher weight of this group 
compared to the T2 and T3 groups (Table 11). This Lire 
ference might be an important factor explaining the non- 
significant greater increase in this group compared to the 
other two training groups. The groups were equated on the 


initial fitness level based on their MVO, after the pre 


2 
training test; and, therefore, if the subjects in this 
group Tl, having a similar aerobic power than the subjects 


in T2 and T3 groups, started the training with a higher 


physical performance, it might have been more difficult for 


them to improve this performance than the T2 and T3 groups. 
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93 
The same factor can be taken in account for the small dif- 
ference in improvement between the T2 and T3 groups. 
However, this substantial increase of the physical perfor- 
mance in the T2 and T3 groups without any significant 
improvement of the aerobic power following training could 
be attributed partly to an increase of the leg muscle 
strength with training and also partly to the slight in- 
crease of the anaerobic metabolism for both groups 


(Figure 14). 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


The physical condition of thirty six volunteer 
children (aged from 11 to 13 years: mean = 12.5 years) 
was evaluated on a bicycle ergometer prior to and follow- 
ing a six week training program. The subjects worked at 
a fixed submaximal work load equal to 450 kpm per minute 
for four minutes before performing the maximal work load 
in both pre and post training tests. The subjects were 
ranked according to their maximal oxygen consumption in 
millilitre per minute and blocked into three levels of 
initial fitness. The twelve subjects in each fitness 
level were then randomly assigned, three to each of the 
four treatment conditions. Thus the four treatment groups 
were equated on initial fitness level as determined by 
maximum oxygen consumption relative to body weight. The 
first treatment group (Tl) trained at a steady state heart 
rate of 170-180 beats per minute; the second treatment 
group (T2) trained at 150-160 beats per minute; the third 
treatment group (T3) trained at 130-140 beats per minute; 
and the fourth treatment group (T4) acted as a control. 


The training program consisted of pedalling on the bicycle 
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ergometer three times a week, each session lasting 12 
minutes. The heart rate was monitored once a week per- 
mitting an adjustment of the work load to maintain the 
specified training heart rate. The work load required 
to elicit the pre-determined training heart rate became 
the individual's load for the following two training 


sessions in the same week. 


The heart rates at the given submaximal week load 
were Significantly (P < .05) lower for the three training 
groups but were unchanged in the control group following 
the six week training program. The heart rate decreased 
by 11%, 9% and 8% in the Tl, T2 and T3 groups respectively. 
The difference between the three training groups, however, 


was not significant. 


The blood lactate concentration at submaximal 
work load decreased significantly (P < .05) by 26% in the 
Wisgroup following *training. No other significant changes 


were found with training. 


At the submaximal work load, no significant changes 
following training were found in any groups for the 
oxygen consumption in ml per kg per minute nor in litres 
per minute, the pulmonary ventilation, the respiratory 


equivalent nor the oxygen pulse. 
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Maximum oxygen consumption in ml per kg per minute, 
blood lactate concentration and oxygen pulse were signifi- 
cantly (P < .05) higher in the Tl group at maximal work 
load after training. The MVO, increased by 11%, blood 
lactate by 21% and oxygen pulse by 13% in the Tl group 
after the six weeks of training. No significant changes 
were found in the two other training and control groups 


at maximal work load following training. 


No significant changes were found with training in 
any of the groups for the heart rate and ventilatory 


equivalent at maximal work load. 


The maximal work loads were significantly (P <.01) 
higher in the three training groups following training. 
The Tl, T2 and T3 groups increased their physical perfor- 
mance by 25%, 23% and 21% respectively with training. 

The difference between the three training groups, however, 


was not Significant. 
CONCLUSIONS 


Since the three training groups showed similar 
substantial reductions in heart rate at a given submaximal 
work load following training it seems probable that any 
intensity of training (from 130 up to 180 heart beats per 


minute) would be suitable in reducing cardiac work at 
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submaximal work loads in this age group of children. The 
training threshold improving the submaximal heart rate 
seems to be approximately the same in children as in adult 


individuals. 


Since the maximum heart rate remained unchanged 
after the training, it suggests that a relatively short 
period of training does not affect the maximal cardiac 
rhythm in this age group of children. This finding is 
also in agreement with most studies using adults as sub- 


jects. 


Since the maximum oxygen consumption relative to 
body weight and also the maximum blood lactate level 
Showed a significant (P < .05) improvement only in the 
Tl group following training, it would be appropriate to 
suggest that the training threshold necessary to improve 
the maximal aerobic and anaerobic powers should be above 
170 heart beats per minute in this age group of children. 
This training stimulus corresponding to approximately 
75% of the difference between the resting and maximum 
heart rates, appears to be higher in children than in 


adults. 


Since the training program affected the submaximal 
heart rate similarly in the three different intensity 


groups without improving the maximal aerobic power in the 
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medium and low intensity training groups, it would be 
appropriate to suggest that the training stimulus improv- 
ing the cardiac work does not necessarily improve the 


maximal aerobic power in children. 
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APPENDIX A 


ENZYMATIC MICROMETHOD FOR DETERMINING THE LACTIC 


ACID CONTENT OF FINGERTIP BLOOD 
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Between 45 and 60 seconds after each work load, 
blood was sampled from a finger-tip of a hand pre-heated 
in a water bath kept at 45-47°C. The finger-tip was cleaned 
with ether and, when the latter had evaporated, was pricked 
with a laviet. From suspended droplets, 0.1 ml of blood 
was first drawn into a heparinized and disposable "Micro 
Blood Collecting Pipets" holding 0.1 - 0.2 ml. The blood was 
transferred into a calibrated and disposable "Micro Pipet" 
holding exactly 0.1 ml, then immediately blown into a test 
tube which contained 0.2 ml of 8 percent cold perchloric 
acid. Blood and perchloric acid were carefully stirred. 
It was necessary to expel the blood directly into the per- 
chloric acid and prevent its adhesion to the tube wall. 


Two fresh pipets for each blood sample were essential. 


Following cenrifugation, 0.1 ml of the supernatant 
was taken with a Carlsberg pipet and transferred to a test 
tube containing 0.05 ml of LDH suspension, 5 mg B-DPN, 
0.97 ml glycine hydrazine buffer: pH 9.2, and 1.94 ml 
water. These reagents were supplied from "Sigma Chemical 
Company," (Referred to Sigma Technical Bulletin No. 826- 
UV as a commercial kit). The mixture was incubated for 
60 minutes at 25°c. and its ee emetion was determined, in 


relation to a blank test, at 340 mu by a recording Bausch 
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+ Lomb Spectronic 20. The blood lactic acid concentration 
was expressed in milligrams per hundred millilitres of 


blood (mg %). 
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APPENDIX B 


STATISTICAL ANALYSIS OF DATA OBTAINED AT SUBMAXIMAL 


WORK LOAD (450 kpm/min) PRIOR TO AND FOLLOWING TRAINING 
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APPENDIX B-1 


a) THREE WAY ANALYSIS OF VARIANCE FOR HEART RATE 
(beats per minute) AT SUBMAXIMAL WORK LOAD 
(450 kpm) 


Summary Table: 


Source SS DF MS F P 
Between Subjects 14482.00 32 
A 3758.00 3 Mea 3.6) ca 29 
B 286.00 2 143.00 0.41 <.670 
AB 1950.00 6 332350 O95 <.482 
subj. Ww. grps. 8443.00 24 chealy, 7/5) 


Within Subjects 4614.00 36 


Cc 2091.00 2)" 20912006 1291766) a te00d 
AC 1696.00 Su) 31163351919 76ane 00M: 
BC 1.00 2 O50 Wn0e Olio 9s 
ABC 34.00 6 5.67 0.08 <.998 
C x Subj. w. grps. 1692.00 24 70.50 


b) TEST FOR SIMPLE MAIN EFFECTS FOR HEART RATE (beats/min) 
AT SUBMAXIMAL WORK LOAD (450 kpm/min) AT PRE-TRAINING 
TEST 


Source SS MS DF F 32F GRILL. 


Groups 1981.94 660.65 3 S201. .05=2592 
EXTror 6024.06 188.65 32 
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c) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
HEART RATE (beats/min) AT SUBMAXIMAL WORK LOAD 
(450 kpm/min) AT PRE-TRAINING TEST 


Group 
Means 3(130-140) 2(150-160) 4(Control) 1(170-180) 
168.67 1635.22 154.56 149.56 
1(170-180) 19.11* 13.67 5.00 ~ 
149.56 
4 (Control) 4 Alek 8.66 - ~ 
154.56 
2 (150-160) 5.44 - 
163.22 
3 (130-140) mS 
168.67 
*Significant at a.05 
Critical Values r=2 r=3 r=4 
Ge. 599 "Cass Z) 13.16 15.90 ey oe 
Geno ot ih paras) pa apes (os | 20.24 21.84 


critical values = agr V MS error/N 


(OBE-O0L) 1 (Lomtneoy & (Oatsoakys « b 
Be LeRt aG.BeL _SS.fal Ne 


ak: 


i-0e8)¢ | 
28 | | 


Ata 00.2 ok ‘its set 


: ea ee 


‘ie bb.2 
YY, 


20) » 35 sosoinineiae 


ort , usa = kde | 


d) 


e) 


120 


THREE WAY ANALYSIS OF VARIANCE FOR HEART RATE 
(beats/minute) AT SUBMAXIMAL WORK LOAD (450 kpm/min) 


Summary Table 


Source Ss 


Between Subjects 14482.00 


A 3758.00 

B 286.00 

AB 1950.00 
Subj. w grps. 3443.00 
Within Subjects 4614.00 
C 2091.00 

AC 796.00 

BC 1.00 

ABC | 34.00 


Cixisuba) w. igrps. 1692.00 


DF 


35 


a1 N 


MS F er 


1252). 67 3.56 <.029 
143.00 0.41 <.670 
332.79 0.95 <.482 


Sour. 79 


209). 00" 29..66"<.0028 

263.33 SLs 024 
0.50 0.01 <.993 
Seat 0.08: <.996 
70.50 


TEST FOR SIMPLE MAIN EFFECTS FOR HEART RATE (beats/ 
min) AT SUBMAXIMAL WORK LOAD (450 kpm/min) AT POST 


TRAINING TEST 


Source ss 


Groups 2571595 


Error 6426.50 


MS 


857.25 


200.86 


3 4.2%, 405=2.92 
~01=4.51 
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f) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
HEART RATE (beats/min) AT SUBMAXIMAL WORK LOAD 
(450 kpm/min) AT POST-TRAINING TEST 


Group 4(Control) 3(130-140) 2(150-160) 1(170-180) 


Means 155.00 153.00 L5oiord 2331076 
(170-180) 21.22%* UO.22% 17433* = 
PO. 1S 
2 (150-160) 3.89 1.89 = 
Ray Gre el 


3 (130-140) 2.00 S 


4 (Control) - 


** Significant) at @a.0l 


weSigGniticant at a.05 


Critical values =2 r=3 =a 
q SOD E552) 13459 16.42 1S .12 
q 99 (r,32) Sok 20.90 22.56 
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g) SCHEFFE CONTRAST COMPARISON BETWEEN ORDERED MEAN DIF- 
FERENCES FOR HEART RATE (beats/min) AT SUBMAXIMAL WORK 
LOAD (450 kpm/min) AT PRE AND POST-TRAINING TESTS 


Group D, (170-180) D, (130-140) D. (150-160) D, (Control) 
Mean 

Differences F578 £3.67 2, 2 -0.44 

D, (Control) 20.85* 19.83* 7 O02 = 
(0.44) 


Do (150-160) 


Zieh 2 1.07 0.82 om 
D3 (130-140) 0.09 = 
13.6) 


D, (170-180) = 
13418 


*ASignificant at a@+./05 


Critical Values 7 F 
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gq 95 K - 1 (7, 24) = 16.95 
q .99 Kaen C75" 24) = 24250 
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APPENDIX B-1l 


a) THREE WAY ANALYSIS OF VARIANCE FOR OXYGEN CONSUMPTION 
(millilitres per kg of body weight per minute) AT SUB- 
MAXIMAL WORK LOAD (450 kpm) 


Summary Table: 


Source SS DF MS F Pp 


Between Subjects 1640.04 35 
A 194.05 64.68 1.40 < .266 
B uy REPENS 86.88 eo <.174 
AB LG5. G5 6 27.61 0.60 Sere) Pats: 
Subj. W. gGrps. 1106.58 24 46.11 
Within Subjects 154.90 36 
e 29.45 a 29.45 6.o7 nl URS 
AC 6,37 c) 25.2 0.50 <.659 
BC 8.78 2 4.39 eg <.374 
ABC 7.48 6 RGPAS: O29 oso 
eC x Subj. we grps. (102.84 (24 4.28 


‘OTL.> 88.1 88.28 ge) 4 
BS¥.> 08.0. La.¥s cc. ae 
92.900L° * 
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APPENDEX’ B=111 


a) THREE WAY ANALYSIS OF VARIANCE FOR OXYGEN CONSUMPTION 
(litres per minute) AT SUBMAXIMAL WORK LOAD (450 kpm) 


Summary Table: 


Source Ss DF MS F E 
Between Subjects 0.874 32 
A 0.030 6) 0.010 0.35 <.786 
B 0.006 2 0.003 0.10 <.905 
AB On 7 6 02030 1.107 < .409 
Subj. ws. grps. 0.662 24 0.028 
Within Subjects On2zat 36 
G 0.030 1 0.030 DeeL6 <#, 0132 
AC 0.010 3 0.003 0.. 58 4. 602 
BC 0.011 Z 0.006 1.08 378 
ABC 0.025 6 0.004 0.78 ~@. 688 


Ge xa SUbsj.4 We» Gupss. 05736 24 0.006 


0: fan aa “'« 


S0.> 0£0.0) 
S89.> 82.0. §£00.0 
ETE. > €0if° 300.0 
€£8.> £V.0, S00,9 

200.0. 
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APPENDIX B-1V 


a) THREE WAY ANALYSIS OF VARIANCE FOR VENTILATION (litres 


per minute STPD) AT SUBMAXIMAL WORK LOAD (450 kpm) 
Summary Table: 
Source ss DF MS F P 
Between Subjects 1712.75 SS) 
A 42.50 14,17 0326 <7, 057 
B POs ho 58.30. 2605 <.305 
AB Z2i.50 6 36.92 (0.67 < .678 
Subj. Ww. grps. 1332.00 24 Do. DU 
Within Subjects 352.50 36 
C S12 50 Br. 96) aos <2062 
AC Se 00 2 iy ee iy ee ay 7) <.4083 
BC 7.94 2 3.97 0.40 GOs. 
ABC 20.25 6 3538. 0.34 <,906 
CExeSubs waWekdGps. 235.425 24 9.80 
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APPENDIX B-V 


a) 


b) 


THREE WAY ANALYSIS OF VARIANCE FOR BLOOD LACTATE CON- 
CENTRATION (milligrams per hundred millilitres of 
blood) AT SUBMAXIMAL WORK LOAD (450 kpm) 


Summary Table: 


Source Ss DF MS F P 


Between Subjects 2781.61 35 


A 905.95 3 201 oe 636 002 
B 70.03 2 350010) 0ai4) <n aeo 
AB 666.64 Plisii) esac oes 
Subj. w. 1136-00) 24 47.46 
Within Subjects 671.00 36 
C 180.50 180.50 12.80 <.001 
AC 42.39 14 fis) Gl, 00) F400 
BC 55.75 27188 11-98 =< .160 
ABC 54.03 OOO CEG 4n cnGos 
Cx Sub) .1w..orps. .338.34 24 14.10 


TEST FOR SIMPLE MAIN EFFECTS FOR BLOOD LACTATE CONCEN- 
TRATIONS (mg/100 ml of blood) AT SUBMAXIMAL WORK LOAD 
(450 kpm/min) AT POST-TRAINING TEST 
3 
Source SS MS By iy y CRIiD. 
32 
nT EEEEREEEEEEE 
Groups 667.00 "222.53 ST O69) ue 002.92 
~-01=5.41 
Error 794.89 24.84 32 
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APPENDIX B-V 


Cc) 


NEWMAN~-KEULS COMPARISON BETWEEN ORDERED MEANS FOR BLOOD 
LACTATE CONCENTRATIONS (mg/100 mls of blood) AT SUB- 
MAXIMAL WORK LOAD (450 kpm/min) AT POST-TRAINING TEST 
Group 4(Control) 3(130-140) 2(150-160) 1(170-180) 
Means 22 Eo 38 14.00 12.00 
ey 0-150) LO Boe (ess. 2.00 ~ 
12.00 
2 (150-60) Saao* = SYP eS od = 
14.00 
3 (130-140) 3.56 ~ 
POS 3 


4(Control) - 
22589 
74 Significant at: a .01 


*.Significantat—_2—.05 


Critical values r=2 r=3 r=4 
gq oO) treo) 4.78 Bead. 6ao7 
q EO Sree) 6.44 Wos2 Bes 


critical values = aqr MS error/N 
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APPENDIX B-V 


d) SCHEFFE CONTRAST COMPARISON BETWEEN ORDERED MEAN DIF- 
FERENCES FOR BLOOD LACTATE CONCENTRATIONS (mg/100 ml 
of blood) AT SUBMAXIMAL WORK LOAD (450 kpm/min) AT 

PRE AND POST TRAINING TESTS 


Group D, (170-180) D. (150-160) D (130-140) D, (Control) 
Mean 
Differences 4.78 2.40 PRE AT NE yea 
D, (Control) 17.08% 10.11 9.26 - 
Le 241 
D3 (130-140) 1Ise2 ss 1.92 ~ 
PCG NY 
D. (150-160) 2.09 ~ 
2.40 


D, (170-180) = 
4.78 


i 


"Significant, at “at 05 
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Critical values Y desea 
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q so K = L- (7% 24) = 16.94 
q .99 Ki= 1, “(7,7 24) =e 2450 
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THREE WAY ANALYSIS OF VARIANCE FOR VENTILATION EQUIVA- 


LENT (ventilation in litres per minute divided by oxy- 


gen consumption in litres per minute) AT SUBMAXIMAL 
WORK LOAD (450 kpm) 


Summary Table: 


Source 


Between Subjects 
A 
B 
AB 
Sub7. W. GrpS. 


Within Subjects 
Cc 
AC 
BC 
ABC 


Cux, Subj. ws Grps. 


SS 


1653.54 


Pye RPA 
cE ay AE 
526.94 
983.68 


172.86 
Le82 
S07 50 
Lede 
Page ea | 
LE Sie OG 


DF 


35 


WwW 


24 


36 


MS 
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APPENDIX B-VII 


a) 


b) 


THREE WAY ANALYSIS OF VARIANCE FOR OXYGEN PULSE 
(millilitres of oxygen per heart beat) AT SUB- 
MAXIMAL WORK LOAD (450 kpm) 


Summary Table: 


Source ss DF MS F Pp 
Between Subjects SA, 15 35 
A LB 2 lL 3 6.07 3.01 < .050 
B a 7s 2 0. 35 0.42 < .660 
AB AOS [o3) 6 2205 1.30 <.294 
SUD]. We. Grips. 48.45 24 2<02 
Within Subjects L1L.27 36 
C 2.16 i 2.16 8.09 < .008 
AC 1.36 Bui tA5) 10h oe 193 
BC 0.53 2 0.27 L200 os Or 
ABC 0.82 6 0.14 Oe Onl <i o2 
Cx Subj. Ws ,obps.. 6.40 24 0.27 


TEST FOR SIMPLE MAIN EFFECTS FOR OXYGEN PULSE (milli- 
litres per heart beat) BETWEEN TREATMENTS AT SUBMAXIMAL 
WORK LOAD (450 kpm/min) AT PRE-TRAINING TEST 


Source ss MS F F F GRIT. 
ay 
eee See he enn 


Groups EE 3.24 is 3.02, +05=2.92 
-01=5.41 


800. > 
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Cc) 


i3d 


NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR OXY- 
GEN PULSE (m1/H.B.) AT SUBMAXIMAL WORK LOAD (450 kpm/ 


Group 


Means 


3 (130-140) 
6.75 


Zr o0—160) 
6..99 


4(Control1) 
hes 2 


67 0=130) 
8.10 


min) AT PRE-TRAINING TEST 


1(170-180) 4(Control) 2(150-160) 3(130-140) 


8.10 Tn 52 6.99 
ooo peseg ig acd 0.24 
Oy kes 0. 53 %* = 
Oey. = 


eS San ti Cant ots ia 20.) 


Critical values r=2 r=3 
q 9-5.) (ay 2) 0’. 3b Ons 
q 699. (4732) 0.42 0.48 


6.75 


r=4 


0.42 


0.52 


critical values = aqr MS error/N 
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d) SCHEFFE CONTRAST COMPARISON BETWEEN ORDERED MEAN DIF- 
FERENCES FOR OXYGEN PULSE (m1/H.B.) AT SUBMAXIMAL WORK 
LOAD (450 kpm/min) AT PRE AND POST-TRAINING TESTS 


Group D. (150-160) D, (170-180) D (130-140) D, (Control) 
Mean 
Differences 0.54 0.47 0.46 -1.01 
D, (Control) 8.54 5.70 S70 - 
-1.01 
D, (130-140) 0.28 0.00 - 
0.46 
D, (170-180) O26 
O47 


D, (150-160) cs 
0.54 


No significant difference 


Critical values of Tp 
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‘operas =) K- l C/7 24) = 16.94 
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APPENDIX C 


STATISTICAL ANALYSIS FOR DATA OBTAINED AT MAXIMAL WORK 
LOADS PRIOR TO AND FOLLOWING TRAINING 
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a) THREE WAY ANALYSIS OF VARIANCE FOR WORK LOADS AT MAXIMUM 
OXYGEN CONSUMPTION (kpm per min) 


Summary Table: 


Source SS DF MS F ly 
Between Subjects 1450944.00 a5 
A 405952.00 3) gl 35307 23123 call <.024 
B 56896.00 2 28448.00 0.79 < .465 
AB 525536.00 6 20922.66 0.58 <.741 
Subs ‘W. Grps. 862560.00 24 35940.00 
Within Subjects 708624.00 36 
e 475328.00 A PA 5328 '5,00 9 2:18.58 ce. OO 
AC 168400.00 3 561354133 W250. 001 
Be 1856.00 2 928.00 0.43" <-3.656 
ABC 10736.00 6 1/89 333 OD S25 <...0,.00 
CS oe Wire FDS ered oO An00 24 VARI RS WEES S| 
b) TEST FOR SIMPLE MAIN EFFECTS FOR MAXIMUM WORK LOADS 
(kpm/min) BETWEEN TREATMENTS AT PRE-TRAINING TEST 
3 
Source SS MS DF F Pah. 
32 


Henne ee ee ee ee cc mena mae a I a a SS RTO 


Groups 


BOT 


141888.00 
479984.00 


47296.00 3 
1499:9',.50 ie 


ol .,05=2 92 
~05=4.51 


a re 


£e.8=20. 


ke OO OORBE “etostame! neste 
MG.> NTH Le wbeeer oo. seeeos / ro : 3 cr 
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c) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
MAXIMUM WORK LOADS (kpm/min) AT PRE-TRAINING TEST 


SSS 


Group 1(170-180) 4(Control) 2(150-160) 3(130-140) 
Means 1000.00 966.67 916.67 8336.33 
3 (130-140) 1G6% 67* 133.33 63.59 = 
S3oe53 
2 (130-140) 83°33 50.00 - 
916.67 
4(Control) 23) 35 - 
966.67 
1 (170-180) = 
1000.00 


HESTON rcant at a 20) 


Critical values r=2 r=3 rd 
gq nthe #8) Cr) Tey T56 142.05 156.74 
q P99Ce(r, 32) 158.38 156.74 195.11 


critical values = aqrV MS error/N 
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d) THREE WAY ANALYSIS OF VARIANCE FOR WORK LOADS AT 
MAXIMUM OXYGEN CONSUMPTION (kpm per min) 


Summary Table: 


Source Ss DF MS F P 


Between Subjects 1450944.00 35 


A 405952.00 SeelSS3L/ Boi g5s..17 9 i 024 

B 56896.00 2 28448.00 0.79 <.465 

AB 125536200 6 20922.66 0.58 <.741 
eub}. W. Jrps. 862560.00 24 35940.00 


Within Subjects 708624.00 36 


C 475328.00 Pera sa 326 00 UV 206 alle 00n 
AC 168400.00 3 56235,.00° 725, 10.9 —.008 
BC 1856.00 2 928.00 0.43 <.658 

ABC 10736.00 6 1789.00 07 82)5< 4.565 


Cus OUD ye. Ws OLDS. (3250.00 24 27 9 S06 


e) TEST FOR SIMPLE MAIN EFFECTS FOR MAXIMUM WORK LOADS 
(kpm/min) BETWEEN TREATMENTS AT POST-TRAINING TEST 


Source oo MS DF F FaeCRIT. 


Groups 432496.00 144165.31 3 ae 0542 ,92 


Error 629984.00  19687.00 32 -Ol=4.51 
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APPENDIX C-1 


£) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
MAXIMUM WORK LOADS (kpm/min) AT POST-TRAINING TEST 


SS SS SY 


Group 1(170-180) 2(150-160) 3(130-140) 4(Control) 
Means 1250.00 1138333 1016.68 966.67 
4 (Control) Piso Wo at 166.67* 50.00 = 
966.67 
3 (130-140) 2333 33"% 226.67. = 
HOTO.0 7 
2 (150-160) T16.67 = 
$33.33 
PCLT O— FSO ) i 
£250.00 


** Significant at a.0Ol 


* Significant at \@-05 


Critical values r=2 =3 r=4 
q Pio NSA Bees 2) 134.69 PO2Z 75 179.59 
q 499 (xr 32) 181.46 207.19 223.56 


critical values = agr Vv MS error/N 
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APPENDIX C=1 
g) SCHEFFE CONTRAST COMPARISON BETWEEN ORDERED MEAN DIF- 


FERENCES FOR MAXIMUM WORK LOADS (kpm/min) AT PRE AND 
POST TRAINING TESTS 


Group D, (170-180) D. (150-160) D, (130-140) D,Control) 
Mean 
Differences 250.00 216.67 USS 534%. 00.00 
D, (Control) 129 .07** 96.95** 69.41** - 
00.00 
D., (130-140) 9.18 2.29 - 
183.34 
D. (150-160) 2.29 - 
216267 


D, (170-180) = 
250.00 


a ee Een Sse EnEEEnES EE mEnEnenenenenenesgennnentnnnn siete nnennennennnnEEER EERE Ennead 


** Significant at a@ .01 


Critical values yj Tp 

24 
q 95 K = 1. (75.24) = 16.94 
q .99 Ko 2 C724) = 24,50 


(loxtaeo, a “(obn-0ew) 4 (031-088) a 
00.00 Re. er 88ers 
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APPENDIX*C-11 


a) THREE WAY ANALYSIS OF VARIANCE FOR MAXIMUM HEART RATE 


(beats per minute) 


Summary Table: 


Source SS DF MS F P 


Between Subjects 22052:00 85 


A 103.00 34433420.47 <.704 
B 3.00 2.50 1.0)..027)1 “<= .990 
AB 359.00 D9.103 10). 83) 7S s5O2 
SubDo.. we Grps. 1740.00 24 725350 
Within Subjects 353.00 36 
c = e = at 
AC 22.00 7.63974 0.71 <.554 
BC 3.00 oO) Orr ler COO 
ABC 31.00 WS Opes eq rea 
C x Subj. w. grps. 247.00 24 10.29 
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APPENDIX C-1i1 


a) THREE WAY ANALYSIS OF VARIANCE FOR MAXIMUM OXYGEN 
CONSUMPTION (millilitres per kilogram of body weight 
| per minute) | 
Summary Table: 


Source ss DF MS EF rE 


Between Subjects 2167.63 35 


A 170.94 3 565.99) 2.30 <5 .03 
B 315.19 2 657.59 26.54. -< 2001 
AB 86.75 6 14.46 0.58 <.740 
Subj. w. grps. 594.75 24 24.78 
Within Subjects 266.94 36 
C 38.00 1 38300324503 «3001 
Ac 100.06 3 O3. 25) W232 <x 008 
BC 47.94 2 23.97 88385. -S200r 
ABC 15.94 6 2.66 0.98 <.460 
C x Subj. w. grps. 65.00 24 2rete 


b) TEST FOR SIMPLE MAIN EFFECTS FOR MAXIMUM OXYGEN CONSUMP- 
TION (m1/kg/min) BETWEEN TREATMENTS AT POST-TRAINING TEST 


Source Ss MS DF F 


256..63 85.54 3°: 8862 ..05=2.92 


Error 756.38 23.64 32 
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a ea. Teds. 


E0L.> (0&5 eeled . £ Be eaee 
£00. > 82.08 @2.tee **.f Chenet 
OAT. > 82.0 abi al a) BVaee 


SVeS °° bs et bee / 


ae ne uBeS 
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APPENDIX C-111 


c) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
MAXIMUM OXYGEN CONSUMPTION (millilitres per kilo- 
gram of body weight per minute) AT POST-TRAINING 


TEST 

Group 1(170-180) 3(130-140) 2(150-160) 4(Control) 
Means on. 74 48.24 48.00 44.19 
4 (Control) 7.54* 4.05 3481 ~- 

44.19 
2 (150-160) Sua 0.24 = 

48.00 
3 (130-140) 3.49 ~ 

48.24 
1(170-180) ss 

=e ea 


* Significant at a .05 


Critical values r=2 r=3 —/| 


critical values = agqr MS error/N 


j a : 


-oLid 19q° eoxdbtititm) bi 
OUTMIAAT-Te0d TA (staan req) 3 
| yy 
Tear 
(Lowséod)s (Odt-0eLys (od aie aiegae 
el. ab GOLBE )) °\\ "OSESRL I, 


‘ete errr cient henner =: 


142 
APPENDIX C-IV 


a) THREE WAY ANALYSIS OF VARIANCE FOR MAXIMUM OXYGEN 
CONSUMPTION (litres per minute) 


Summary Table: 


Source SS DF MS F 
Between Subjects 8.62 35 
A L383 = 0.61 2.43 ‘<<:090 
B 0.30 2 O55 0260) © << 557 
AB 0.48 6 0.08 O32) “<9 19 
Subj. WwW. grps. 6.00 24 On25 
Within Subjects 0.73 36 
C 0.18 ah OL 18 24.70 “<,002 
AC 0.20 3 0.07 bby rsh Otome 
BC (ei ee 2 0.07 D. LS2 me OL 
ABC 0.04 6 0.007 On 5 a 479 
Ce 2CUb i]. .w. groups 0).17 24 0.007 


b) TEST FOR SIMPLE MAIN EFFECTS FOR MAXIMUM OXYGEN CON- 
SUMPTION (litres per minute) BETWEEN TREATMENTS AT 
POST-TRAINING TEST 


Source Ss MS DF F E.CRIT: 

32 
Groups ERS fa" 0.45 3 4.13 .05=2.92 
Eryvor Boas Ui Gail aye -O1=4.51 


a aa a a I a 
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APPENDIX C-IV 


Cc) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
MAXIMUM OXYGEN CONSUMPTION (litres per minute) AT 
POST-TRAINING TEST 


Group 1(170-180) 4(Control) 2(150-160) 3(130-140) 
Means 2.29 1.94 7 1.90 ioe Ae 
3 (130-140) 0.52%** Oc 17 0.13 - 
7a 
2 (150-160) 0.39* 0.04 ~ 
1.90 
4 (Control) 0.35% = 
1.94 
1(170-180) = 
2.29 


** Significant at a .0l 


* Significant at a .05 


Critical values r=2 |  ¥s3 r=4 
q ASNT way ale 7) 0.28 0.34 0.38 
q 599" “(a oz) 0.38 0.44 0.47 


critical values = aqr V MS error/N 


(ObE-GeL)E (Oat-oans “ phelanatill: | qoor-ory ag a 


Tet yt aes be. Lt ec.6 ae 
| oe t td oar 


144 


APPENDIX C=V 


a) THREE WAY ANALYSIS OF VARIANCE FOR MAXIMUM PULMONARY 
VENTILATION (litres per minute, STPD) 


Summary Table: 


Source SS DF MS F Pp 


Between Subjects 8648.50 35 


A 1332.00 444,00 1.62 <] 2k 
B 473.13 236.56 0.86 < .435 
AB 257.88 42.98 0.16 < .986 
Subj]. w. 6585.50 24 274.40 
Within Subjects 820.81 36 
Cc 199.00 199, J0@@11 157 < .002 
AC L369 3 4.56 0.27 << 850 
BC 96.88 2 48.44 2.82 < .080 
ABC 98.63 6 16.44 0.96 < .475 
Cex Sub}. Ww. Grps - 412.63 24 SRTAS AE) 
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APPENDIX C-VI 


a) THREE WAY ANALYSIS OF VARIANCE FOR BLOOD LACTATE 
CONCENTRATIONS AT MAXIMAL WORK LOAD (milligrams 
per hundred millilitres of blood) 


Summary Table: 


Source 


Between Subjects 
A 
B 
AB 
SUD). W. GIrps. 


Within Subjects 
C 
AC 
BC 
ABC 
Cox SUD Fs We i GrpSs < 


SS 


20229.18 
LO7 7. 30 
3489.37 
2657.94 

13004. 37 


4086.50 
L503 6s. 
335.94 
61.06 
108.81 
2077363 


DF 


Sie 


OO NO W 


24 


36 


wie 


(op) 


MS 


SO oe Le 
1744.69 
442.99 
541.85 


1503.31 
Alea a RS 
30.53 
18.14 
86.57 
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APPENDIX C-VI 


b) SCHEFFE CONTRAST COMPARISON BETWEEN ORDERED MEAN DIF- 
FERENCES FOR BLOOD LACTATE CONCENTRATIONS (mg/100 ml 
of blood) AT MAXIMUM WORK LOAD AT PRE AND POST TRAIN- 


ING TESTS 

Group D, (170-180) Do (150-160) D (130-140) D, (Control) 
Mean 
Differences ES el LEaOO 6.78 3.67 
D, (Control) 17.80* 13.80 7.50 ~ 

3.67 
D, (130-140) 10.61 8.93 - 

6.78 
D, (150-160) 7.88 ~ 

171.00 


D, (170-180) cs 
DS ent 


ek Sionereicant at «a .U5 


~ 
Critical values "; F 

24 
q 295 K- 1 (7, 24) = 16.94 
q .99 K- 1 (7, 24) = 24.50 


-WiAS® Te0 GUA, aid TA ckot BROW MoMA 
a: ae | Hr 

(Loxsmod) .d- (OBL~OEL) -G (OOL-O@L) Ga (OBL-OTL) a 
vO.€ a rn eee ae 
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APPENDIX. C-VII 


a) THREE WAY ANALYSIS OF VARIANCE FOR VENTILATORY EQUIVA- 
LENT (ventilation in litres per minute divided by the 
oxygen consumption in litres per minute) AT MAXIMAL 


WORK LOAD 
Summary Table: 
source Ss DF MS F EP 
Between Subjects 938.15 a hs) 
A 18.81 3 6.27 0.18 <.909 
B 44.88 2 22.44 05051) LG. oS 
AB 36.69 6 6.61 OA he pero ates TAF 
Subj. w. grps. 834.75 24 34.78 
Within Subjects 150.03 36 
c - i - - - 
AC 23.45 3 Vee dk LO Val o9 
BC 5.50 2 25 75 O00) <5 50 
ABC 17.44 6 2.91 0.63  <./04 
Cex Subj. owe Grips. LLU. 56 24 4.61 


| AAMEKAM he tea hae eq Toe aia 
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APPENDIX C-VII 


a) THREE WAY ANALYSIS OF VARIANCE FOR OXYGEN PULSE 
(millilitres of oxygen per heart beat) AT MAXI- 
MAL WORK LOAD 


Summary Table: 


Source ss DF MS FE. P 
Between Subjects 232.04 55 
A 49.09 3 16.36 2.45 < .088 
B 7.80 2 3.90 0.58 < .566 
AB 14.61 6 2.43 0.36 < .894 
Subj. w. grps. 160.54 24 6.69 
Within Subjects 233 36 
C 3.30 u 323009. 235 <4. 005 
AC VEST 3 2.46 6,88 <).00L 
BC 2.96 2 1.48 4.15 <.028 
ABC a3 6 0.19 0.53) <2 782 
Cx Subj}.. W. grps. S257 24 0. 36 


b) TEST FOR SIMPLE MAIN EFFECTS FOR OXYGEN PULSE (milli- 
litres per heart beat) BETWEEN TREATMENTS AT MAXIMAL 
WORK LOAD AT POST-TRAINING TEST 


3 
Source SS | MS DF F S CRIT. 
ae a eS Un aa eee emer cmee ear SE a SY ES ley ae ee ee eid Ran 
Group 35.98 11.99 5 3.97. «.052292 
Error 96.73 Se 4 32 -O1=4.51 


ae a 


4 « F 
gar 


ea aia om . 


oe bO.SES 

DE Ot ~~. i 20, Ob k 
ee fy) Caer se a 
ree all Agen air 
Sand &S 1 Be 084 | (8gip 6 Ww rs 


YY @ 
aq 2 
@ & 
. = 
a 
s co fu 
m ri S 
* e 
Cc oO WM 


we 
re 4) 
. 
Vv 
a 


ae. £E,8 etoetdee 
ES.e Of ne [ery ‘ 

88,0 ab.< € GE Se 
ath Bat § gece 7 
£20 €L.0 aig Sys ya 
t2.38. 


e00. 
£00. 
880. 
Sst. 


Vo VV 


By; 


a ) 
ip nnaae 2.008 HEOYXO ‘AOR bavainined a same Ao Pr 


iD ote ia 


149 


APPENDIX C-VIII 


c) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR 
OXYGEN PULSE (mls/H.B.) AT MAXIMAL WORK LOAD AT 
POST-TRAINING TEST 


Group 1(170-180) 4(Control) 2(150-160) 3(130-140) 
Means Li? 9.92 9.73 9.08 
3 (130-140) 2.69% 0.83 0.64 i 
9.08 
2:(150-160) 2.05* 0.19 = 
ao73 
4(Control) 1.85* - 
9.92 
1 (170-180) - 
BUCTO 


errr AS 


* Significant at a .05 


Critical values r=2 r=3 r=4 
SD 

Gir. 9 D4 (Ep 32) 1.64 1.98 Z2L8 

gq oor thy 2) Ae a0 2 ube Zei2 


critical values = aqrV MS error/N 
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APPENDIX D 


AVERAGE WORK LOAD PERFORMED BY EACH TRAINING GROUP 
OVER THE SIX WEEK TRAINING PROGRAM IN KILOPOND METRES 
PER MINUTE 
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APPENDIX E 


AVERAGE WORK LOAD PERFORMED BY EACH FITNESS 
LEVEL OVER THE SIX WEEK TRAINING PROGRAM IN 
KILOPOND METRES PER MINUTE 
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APPENDIX F 


EXPERIMENTAL DESIGN 


L55 


Randomized Block Design 
Fixed Model 
Repeated Measures on Factor C 
Winer (120) pp. 337 


Treatment Blocks Time 
Groups (Initial Fitness (Pre and Post- 
Levels) Training) 
C, (Pre) C, (Post) 
B, (n=3) 
ica) B, (n=3) 
(N=9 ) 
B = 
T, (170-180 Hr.) anna?) 
B, (n=3) 
A z, 
2 Bo (n=3) 
(N=9) 
B = 
T, (150-160 Hr.) pa 
ree ae weer bo) ee Sirk oe OS ee oe age eee 
B, (n=3) 
= Bo (n=3) 
(N=9) 
T, (130-140 Hr.) Bs e>) 
eS ELBE eae a ES oe a A Ee ee a ae 
B, (n=3) 
Ba B, (n=3) 
(N=9) 
T, (Control) B, (n=3) 
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APPENDIX G 


RAW SCORES OBTAINED DURING SUBMAXIMAL AND MAXIMAL 
WORK LOADS AT PRE-TRAINING TEST 


a xIqwaeqA 


JAMLXAM MA JANMIXAMEUe DUTAUG GSMA 
TRAST OMLATAAT-SAT TA aGAOL 


RAW SCORES OBTAINED DURING MAXIMAL WORK LOAD AT 157 
PRE-TRAINING TEST 


VE 


Subjects HR %0, %CO, LACTATE vO, 
(STPD) (mg) (m1/kg/min) 
T, (170-180) 
1 1$5 16552) (3.58) 33637 3 23.98 
2 130 (12.05. 3.5). 35:00 13 20.48 
3 LG) Aged 3.6 33.3%, La 26a 
4 129 16.63 4.2 26.83 14 27.85 
5 118 16.48 4.5 20.35 16 27.59 
6 L167,  Li.3e (3.5 “36.26 ll 35.67 
7 161 18.08 3.0 36.63 24 31.62 
8 180 18.04 3.2 42.33 28 35.51 
9 145% 165535 2.7, 41.51 LS Loeae 
T, (150-160) 
L Lis)’ bAsGG,\ 3.6, (35.65 28 26.97 
P) 16) Li.50,) 3.14, 38.26 15 36.63 
3 L270, Us.1c, 4.2, 29.68 27 20,. 5.2 
4 Las 6h 3d, ~ 355 28. 90 ak 32653 
5 SS. a af RR ee Wek a dk 25..69 
6 LSO0y AG 22. Sud “39099 21 39.40 
7 i58 17.49 - 3.5 25.94 Ls 28.13 
8 154 16.55 3.9 27.64 43 26.40 
9 155:..-17.00 3.7. 22.79 18 30,85 
T, (130-140) 
1 176 16.73.5329 20.73 11 26.11 
2 meen 26.95 4.0. 25.23 ny 28.23 
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continued 158 


Subjects HR $%0O sCO. VE LACTATE vO. 
(STPD) (mg%) (m1/kg/min) 


3 180 16.93 4.1 25.64 24 34.08 
4 184 17.50, 3.5 3411 23 34.67 
5 155 16.15 4.2 26.05 32 27.76 
6 £50 (7 Lo 350) 39707 Lif 35-23 
7 167 17.83 3.2 38.67 30 34.56 
8 1o4 J7.13 3.8 .30.89 16 34.11 
9 164 17.80 3.4 37.40 23 28.03 


T, (Control) 


z E50. 37735 93.7, ..36.603 16 3262 
2 Par: T7200) 3.6. 27.66 3 PAG 
3 145 16.83 3.8 . 30.89 20 20.65 
4 P56) Lge 3. 80 30795 a2 28.84 
5 a7 L198, 25.9) 45. 92 22 34.62 
6 tom, Li 8s. Sai 34.15). 28 22.87 
7 D5 RS Te 28. Site 305 29 23 24.99 
8 1507 (hk 3S 268 on 24.56 


) toe 1a Soe oa 4 34 Lo 42 31.47 
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RAW SCORES OBTAINED DURING MAXIMAL WORK LOAD AT 
PRE-TRAINING TEST 


VE 


Subjects HR 80, sCO, 
(STPD) 
T, (170-180) 
a Eom) 17.43; . 3.9 74.88 
2 Eos heb. 3.4. 83202 
| 3 200 37.48 3.9 82.05 
4 £87 1/.53 3.8 ° 64. 23 
5 LS7, LH.45 2.9 38.26 
6 HS 16.05 3.2 59.29 
7 167 18.05 3.2) 54.54 
8 200 1&8.10°" 320)" 63.49 
2 195). tio es) £4507 
T, (150-160) 
} 200 18.25 3.2 Uh. oi 
2 195 17.25 - 3.5 56.98 
3 204 17.55 4.2 52.85 
a 244 17.88 3.6 54.95 
5 194 17.75 3.6 #9.67 
6 195 17.45 3.7 52.01 
@ 200° Vi5S3). 3.9" (S959 
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2 200 17.63 “4.1 67.56 
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Subjects HR %0O $CO. VE LACTATE VO. 


(STPD) (mg) (m1/kg/min) 


3 = = a 56.07 83 41.83 
4 200 17.88 3.4 56.17 40 49.62 
Se) 495 17.423 4.4 45.58 80 34.70 
6 195 37.95 2.9  S8.61 101 55.43 
7 - - = 55.85 84 45.74 
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2) i195 17.63 3.7 .. 52.60 70 41.25 
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APPENDIX H 


RAW SCORES OBTAINED DURING SUBMAXIMAL AND MAXIMAL 
WORK LOADS AT POST TRAINING TEST 
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RAW SCORES OBTAINED DURING SUBMAXIMAL WORK LOAD AT 162 

POST-TRAINING TEST 

Subjects HR 30, sCO, VE LACTATE vo, 

(STPD) (mg%) (m1/kg/min) 

T, (170-180) 
1 132, 16.05 /4.1 26.20 10 PAL ARS! 
2 122 L6.13 74.4. 25.35 S) 17.82 
3 1237" 16.90)' 4.2 7-28.56 14 ead epee 
& 118 16.38 4.4 23.07 10 24.60 
5 120 16.73, 4.) 20.04 10 25.66 
6 150° 17206 23.2 “Si.08 12 34.64 
7 134 18.08 3.1 35.49 14 30.77 
8 TOe VIS, 22. 36.04 1 w/; Soe td, 
9 141 18.30 3.8 40.96 ¥2 20.57 

T, (150-160) 
a 45 6 (17.98 2.5 «34.26 bi 24.73 
2 red. Vets Sel 29°40 10 Pie eee 5) 
3 Was 16.73 4/0 267.62 sy 21.40 
4 6706723 «6S. 296 60 18 31.54 
5 aoe VAN eo; | Oe! “Bisa h 14 24.80 
6 164 17.46 4.0 36.96 22 40.06 
7 ms ic Ea Be MOON Ss Deen Wet ee A: erm oye 18 33495 
8 145 16.707 4,0 26.86 L2 23.76 
9 155 16.70 4.3 24.51 16 34.46 

T, (130-140) 
A 26) Jd. 25a 28.73 14 30.59 
2 136,117.18. 3.8 (26.78 te 24.73 
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T, (Control) 
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RAW SCORES OBTAINED DURING MAXIMAL WORK LOAD AT 164 
POST-TRAINING TEST | 


Subjects HR 80, sCO. VE LACTATE vO, 
(STPD) (mg) (m1/kg/min) 
T, (170-180) 
1 195 17.35 4.0 78.96 88 50.33 
2 Yosh igk7st 3477 88173 82 38.26 
3 200 16.83 4.5 72.66 93 61.02 
4 191 17.30 4.0 62.78 93 52.47 
5 191 17.23 4.3 60.48 106 53.15 
6 195 17.85 3.5 61.32 69 49.58 
z TOT ali22 90. Sel 155.44 81 51.87 
8 20au 18202." 3.2, 6507.5 68 54.68 
9 191 18.00 3.5 90.29 101 54.27 
T, (150-160) 
1 195y SRS) 343% 662.04 111 40.97 
2 Tess 178 AS 3h81 622.16 101 56.59 
3 200) 172.3) 4818 584 22 101 37.05 
4 209 18.00 3.5 60.48 104 50.11 
5 187 18.00 3.3 87.04 68 51.30 
6 195 18.10 3.5 60.48 120 47.84 
Z 204 17.65 3.6 47.32 50 45.68 
8 Led 17200 Aid) 65.52 101 49.04 
3 195 17.90 3.6 53.24 95 51.23 
T, (130-140) 
i! 200 17.78 4.0 56.62 116 48.81 
2 195 17.68 3.8 65.33 84 49.80 


LOL 


Lil 
LoL 


“Cae 


SOL 


89 


Ost 


iz | 


lof 


ee 


ott 


ay Oub Beer 
(eryee tue “Ort 
aa.et 2h ee.ar 
“BY.S8 Osh OEE 
—-Bh0a eb BS te er 
“See e.€ @B.0L Ber a. 
bee22 £8 06M CEE hi 
CRESS, eae AN Ff 
eS. Oe (GE ooet ger 


bO.08 E68 SLomt ee 


x 
- 


‘Continued 165 


Subjects ‘HR 60. SCO. VE LACTATE vo, 
(STPD) (mg3) (m1/kg/min) 
3 U9). 17.63 3.8) 44.52 76 45.16 
4 200) LT 88s 3.5) S625 81 48.51 
5 VO5>< liso) 5 435757 .96 82 41.26 
6 Lo7)| (18.15% 3.0, 60.48 TO 54.26 
7 135 18.18 3.2 68.04 109 49.44 
8 ON he 1 Ou Tol tye Le 106 50.00 
9 LO lic) 365) 9s 30 70 47.00 


T, (Control) 


1 204) 18238) 3.510"82.57 123 44.69 
2 LI Lic 335 £60.66 eal 44.68 
3 206 (17,75 4.0 85.49 99 SEB Et 
4 195 17.25 4.0 54.47 56 45.45 
5 200 17.78 4.1 60.47 91 46.41 
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i 19S] GS S38 1 OOe 4 56 38.26 
8 da We OO! mw osien/? Ont e 81 44.26 
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